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Description 

Ttie invention relates to a four-wheel vehicle drive system and more specifically to an adaptive vehicle drive system 
which incrementally shifts from two-wheel drive to four-wheel drive upon sensing certain conditions. 

5 The performance advantages of four-wheel vehicle drive systems are well recognized. Improved vehicle stability 
while traversing rain soaked or ice a snow covered highways, handling and control on gravel or uneven pavement and 
simply maintaining traction in off road situations are all readily acknowledged benefits. Concomitant and less desirable 
attributes of four-wheel drive systems relate to reduced gas mileage from increased drive line friction and inaeased 
vehicle weight Such increased drive line friction occurs in part time four-wheel drive systems which rotationally couple 

10 the front and rear vehicle propshafts. Such vehicle weight increases are particularly pronounced if the system is 
designed with a differential between the front and rear drive shafts for full-time engagement and operation rather than 
intermittent operation when conditions specifically demand it 

Furthermore, while part time four-wheel drive systems which lock tiie front and rear propshafts together provide 
obvious benefits of traction and stability in straight line driving, the disparity between the ground speed at thejront 

IS wheels and the ground speed at ttie rear wheels during cornering can itself result in wheel slip and hopping of the vehi- 
cle. Thus, allowing the front and rear output shafts of the transfer case to operate at different speeds during cornering 
is beneficial. 

Many four-wheel drive systems employing diverse control and torque distribution strategies have been designed 
and utilized. These various approaches are embodied in United States patents. 
20 For example. US-A-4417641 teaches an automatic four-wheel drive system having an electromagnetic clutch and 
steering sensor. When the steering wheels are turned greater than a predetermined angle, tiie electromagnetic clutch 
is de-energized and two of tiie driving wheels are disconnected. The system also includes a slip sensor. 

US-A-4718303 is co-owned by tiie assignee herein. It discloses a transfer case having an electromagnetic ramp 
clutch which is modulated to adjusted the torque distribution in a full time four-wheel drive system. 
25 In US-A-4937750. a microcomputer compares signals from front and rear axle speed sensors. If the difference is 
greater than a certain value, a clutch is engaged to interconnect the front axxi rear prop shafts to prevent slip. 

US-A-4989686 discloses a full time four-wheel drive system including wheel slip detectors. The output signal from 
the wheel slip detectors is utilized to drive a proportional clutch which ttien delivers torque to whichever axle is rotating 
more slowly US-A-5002147 discloses a four-wheel drive system which achieves torque splitting between tiie front and 
30 rear axles. The system utilizes four separate wheel speed sensors as well as a steering angle sensor. 

In US-A-5060747, a vehicle torque distribution system is taught which includes means for determining botii vehicle 
speed and the difference between tiie speeds of tiie front and rear wheels which indicates wheel slip. The vehicle speed 
data is utilized to coaect ttie sensed wheel speed difference and this conrected value is tiien utilized to produce a clutch 
engagement signal. 

35 US- A-509051 0 discloses a four-wheel drive system having a differential and a hydraulic clutch disposed in parallel 
between tiie front and rear drive shafts. Engagement of the clutch restricts action of the differential to achieve a desired 
rotational speed difference between the front and rear wheela 

Anottier adaptive four-wheel drive system disclosed in EP-A-409610, comprises, in combination: 

40 a primary drive tine having primary drive wheels: 

a secondary drive line having secondary drive wheels; 

a transfer means having an input adapted to be driven by a prime mover, a primary output adapted to drive said 
primary drive line, a secondary output adapted to drive said secondary drive line, and a modulating clutch means 
including a primary clutch and a secondary, disc pack clutch which selectively transfer torque from said primary 
45 drive line to said secondary drive line. 

According to the present invention there is provided such an adaptive four-wheel vehicle drive system which is 
characterized in ttiat said primary clutch is a cone clutch which is disposed in mechanical parallel with the secondary 
clutch, and tiiat tiie drive system furtiier comprises primary sensing means which sense the rotational speed of said 
so primary drive line. 

secondary sensing means which sense the rotational speed of said secondary drive line, 
and microcontroller means which compares the speed of said primary drive tine with the speed of said secondary 
drive line, and incrementally engages said nrxxiulating clutch means when the difference between said speeds is 
55 greater ttian a predetenniined value. 

An adaptive four-wheel vehicle drive system in accordance witii the present invention has the advantage that it 
combines flie highly controllable i.e. smootii modulatable, characteristics of a multiple plate clutch with the high torque 
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transfer capability of a conical cfutch, thereby avoiding the need for an increase in the package siz& As a result, the 
system is of smaller size and weight more efficient and has a faster response than systems known in the art. 

The transfer means more particularly may take the form of a transfer case having primary and secondary output 
shafts driving primary and secondary axles, a plurality of speed and position sensors and a microcontroller The speed 
5 and positton sensors preferably indude a vehicle speed sensor which monitors the rotational speed of a wheel of the 
secondary drive line, a pair of prirrery and secondary drive line speed sensors, throttle position and steering angle sen- 
sors and brake and driveline status sensors. The secondary axle may include coupling components such as locking 
hubs or an axle disconnect 

The modulating clutch means advantageously takes the form of an electromagnetic dutch assembly controlled by 
10 the microcontroller which selectively transfers torque from the primary output shaft to the secondary output shaft A 
planetary gear assembly or similar device providing high and low speed ranges as well as neutral may also be included 
in the transfer case. 

Selection of the on demand vehicle drive system both provides a minimum (standby) current to the clutch which 
establishes a minimum torque transfer level and activates the secondary axle engaging components. When the speed 

75 of one of the front or rear drive shafts overruns, i.e. exceeds the speed of the other drive shaft by a predetermined value 
related to the vehicle speed and the identity of the overrunning shaft, indicating that wheel slip is present, clutch current 
is inaementally increased to increase clutch engagement and torque transfer to the secondary drive shaft until the 
speed difference between the drive shafts and thus wheel slqp is reduced below the predetermined value. Incremental 
reduction of both clutch current and clutch engagement then occurs. If, as clutch current is reduced, a speed difference 

20 exceeding the predetermined value again occurs, indicating that wheel slip is again present, clutch current is increased. 
Alternatively, if the speed difference and wheel slip remains below the predetermined value, dutch current is reduced 
until it returns to the minimum current and torque transfer level. The dutch may also be incrementally engaged when 
open engine throttle positions are sensed by the throttle position sensor. 

The on demand vehide drive system may be an active full-time system, may be selectively activated by the vehicle 

25 operator or may be automatically activated by driving conditions. The system may be utilized with either primary front 
wheel or primary rear wheel drive configurations. The dutch may be located anywhere in that portion of the power train 
which delivers torque to the secondary axle, e.g.. within the secondary axle differential. 

In addition to vehicle speed, the predetermined value may also be dependent upon whether it is the front or the rear 
drive shaft (and axles) that is overrunning the other and it may also be dependent upon, for example, steering angle and 

30 braking. The system may also sense and compensate for the speed difference between primary and secondary drive 
lines generally resulting from the mounting of tires of different, i.e. mixed, outside diameters, such as a compact spare, 
on the vehicle. 

The present invention thus provides an on demand vehicle drive system which incrementally shifts from prinnary 
axle to primary axle and secondary axle torque delivery in response to sensed drive line speed differences resulting 
35 from wheel slip and incrementally returns to prinnary axle drive when such slip is no longer sensed. It is also suitable for 
vehides having either the front or the rear axle as the primary drive means and the other axle as the secondary drive 
means which is driven in response to sensed speed differences resulting from wheel slip. 

In order that the invention may be well understood, there will now be desaibed some embodiments thereof, given 
by way of example, reference being made to the accompanying drawings, in which: 

40 

Figure 1 is a diagrammatic plan view of the drive components and sensors of an on demand vehicle drive system 
according to ttie present invention; 

Rgure 2 is a full, sectional view of a transfer case and electromagnetic dutch assembly in an on demand system 
according to the present invention: 
45 Rgure 3 is a flat pattern development of a section of one dutch bail and associated recesses incorporated in the 
electromagnetic clutch assembly taken along line 3-3 of Figure 2; 

Rgure 4 is an enlarged, fragmentary sectional view of tiie electromagnetic clutch assembly utilizing a primary, cone 
dutch and secondary, disc pack dutch in an on demand vehide drive system according to the present invention; 
Rgure 4a is an enlarged, fragmentary perspective view of the mating components of tiie printary, cone clutch of tiie 
50 electromagnetic clutch assembly in an on demand vehide drive system according to tiie present invention; 

Figure 5a is a diagrammatic plan view of a first alternate embodiment of an on den«nd vehide drive system 
according to ttie present invention; 

Figure 5b is a diagrammatic plan view of a second alternate emkxxJiment of an on demand vehicle drive system 
according to the present invention; 
55 Rgure 6 is a diagrammatic plan view of an encoder assembly utilized in the present invention to provide data 
regarding tiie cun-ent position of the transfer case high-neutraMow clutch; 

Rgure 7 is a diagrammatic representation of tine operation of the interrupt driven routines of a microcontroller 
according to tiie present invention; 
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Figure 8 is a diagrammatic r^resentation of the incremented and decremented electrical energy provided to the 
coil of the electromagnetic clutch assembly according to the present invention; 

Rgure 9a is a first portion of a flow diagram presenting the operation of the real time interrupt executive of the 
miaocontroller according to the presertt invention. 
5 Figure 9b is a second portion of a flow diagram presenting the operation of the real time interrupt executive of the 
microcontroller according to the present invention. 

Figure 9c is a third portion of a flow diagram presenting the operation of the real time intenrupt executive of the 
microcontrollQ* according to the present invention. 

Figure 10 is a flow diagram pr^enting the operation of the routine of the microcontroller according to the present 
10 invention relating to initializing the system and computing vehicle speed; 

Rgure 1 1 is a flow cfiagram presenting the operation of the routine of the microcontroller according to the present 

invention relating to learning and compensating for tiie speed differences between primary arxi secorxlary drive 

lines resulting from the use of tires having different (mixed) outside diameters on the vehide. 

Figure 1 2a is a first portion of a flow diagram presenting the operation of the routine of the microcontroller according 
IS to the present invention relating to operation of the modulating electromagnetic clutch assembly; 

Figure 12b is a second portion of a flow diagram presenting the operation of the routine of the microcontroller 

according to the present invention relating to operation of the modulating electromagnetic dutch assembly; 

Figure 13 is a flow diagram presenting the operation of the subroutine of the microcontroller according to the 

present invention relating to control of locking hubs; 
20 Figure 14 is a flow diagram presenting the operation of ttie subroutine of the microcontroller according to tiie 

present invention relating to incrementing power to the electi'omagnetic clutch assembly; 

Figure 15 is a flow diagram presenting the operation of tine subroutine of tiie microconti-oller according to tiie 

present invention relating to decrementing power to the electi'omagnetic clutch assembly; 

Figure 16 is a flow diagram presenting the operation of tiie subroutine of tiie microcontroller according to the 
25 present invention relating to the operator shift commands; 

Figure 17 is a flow diagram presenting the operation of the routine of the microcortroller according to tiie present 

invention relating to control of tiie shift motor; 

Figure 18 is a flow diagram presenting the operation of the subroutine of the microcorrtroller according to the 
present invention relating to control of the shift nwtor; 
30 Figure 19 is a flow diagram presenting the operation of tiie subroutine of the microcontroller according to the 
present invention relating to braking of the shift motor; 

Figure 20 is a flow diagram presenting the operation of tiie subroutine of the microcontroller according to the 
present invention relating to tiie position of the braked shift motor; and 

Figure 21 is a flow diagram presenting the operation of tiie subroutine of tiie microcontroller according to the 
35 present invention relating to the position of the shift motor. 

DESCRIPTION OF THE PREFERRED AND ALTERNATE EMBODIMENTS 

Referring now to Figure 1 , an on demand vehicle drive system is illustrated and generally designated by ttie refer- 

40 ence numeral 10. The on demand system 10 is incorporated into a vehicle having a pair of front axles 12, The front 
axles 12 are centrally coupled to a front differential 14. The outer ends of the front axles 12 are coupled to a respective 
pair of locking hubs 16. The locking hubs 1 6 are preferably vacuum operated and are in fluid communication with a sole- 
noid valve 1 8 through vacuum lines 20. Ihe vacuum may be achieved by any suitable source (not illustrated). When ttie 
solenoid valve 1 8 is energized, tiie hubs 1 6 lock and couple the front axles 1 2 to a respective pair of front tire and wheel 

45 assemblies 22. It will be appredated ttiat electrically operated locking hubs or mechanically operated hubs may be uti- 
lized witii the present invention. As a further alternative, live front axles 12 may be utilized witii a front axle disconnect 
(not illustrated) disposed in the front differential 14. 

The front differential 14 is driven by a front (secondary) drive or prop shaft 24 which, in turn, is driven by the front 
(secondary) output shaft 26 of a transfer case 28. The ti-ansfer case 28 includes a housing 30 (illustrated in Rgure 2) 

50 whtoh is preferably cast of metal in two mating sections and includes apertures, blind openings, supports, bearing 
receiving surfaces and other features specially adapted to receive ttie components of the transfer case 28. 

To ttie rear of tiie vehide are disposed a pair of aligned rear axies 32. The outer ends of the axles 32 are coupled 
to rear tire and wheel assemblies 34 and tiieir opposite ends are coupled to and driven by a rear differential 36. The 
rear differential 36, in turn, is driven by a rear (primary) drive or prop shaft 38 which is, in turn, driven by a rear (primary) 

55 output shaft 40 of the transfer case 28. It will be appreciated tiiat tiie various aforementioned shafts are coupled by a 
plurality of universal joints as needed in accordance with conventional vehide drive train pradice. A prime mover, such 
as an internal con^stion engine 42 drives a conventional transmission 44 which may be either a manual tiansmission 
witii a dutch or an automatic ti'ansmission. In either case, the fransmission 44 indudes a two state sensor or switch 46. 
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If the transmission 44 is an automatic transmission, the switch 46 provides a signaJ indicating that the transmission 44 
is in neutral. If the transmission 44 is a manual transmission, the switch 46 provides a signal indicating that the clutch 
is in (disengaged). 

Referring now to Figure 2. i1 will be appreciated that the transfer case 28 includes a planetary gear assemtaly 48 
which is driven by an input shaft 50 rotatatty disposed within the transfer case 28. The input shaft 50 is coupled to and 
driven by the output of the transmission 44. The input shaft 50 defines a re-entrant bore 52 which receives a roller bear- 
ing assembly 54. The roller bearing assembly 54, in turn, receives and rotatably supports the fbnward terminus 56 of 
the rear (primary) output shaft 40 of the transfer case 28. A gerotor pump 57 is secured about and rotates with the out- 
put shaft 40. providing lubricating fluid under pressure to a passageway 57A which extends axially within the output 
shaft 40 and distributes lubricating fluid to components of the transfer case 28. 

The designations "primary" and "secondary" appearing above refer to drive shafts in an adaptive vehicle drive sys- 
tem, such as the on demand system 10, primarily and secondarily intended to propel the v^ide. In the following 
description, the inventors describe a system in which the rear drive shaft 38 transmits all drive torque to the rear wheels 
34 in two-wheel drive and is the primary drive means in the adaptive four-wheel drive system described herein. Accord- 
ingly, in the system 10 the rear drive shaft 38 may, more generically, be refe^ed to or designated the primary drive or 
prop shaft 38. Conversely, the front drive shaft 24 is disengaged in two-wheel drive mode and may or may not be trans- 
ferring drive torque in the adaptive four-wheel drive mode described herein. Thus, the front drive shaft 24 may more 
generically, be refenred to or designated the secondary drive or prop shaft 24. 

it should be understood that the system 10 described herein is fully suitable for use with vehicle drive systems con- 
ventionally designated front wheel drive where the front drive shaft 24 will be the primary drive shaft and the rear drive 
shaft 38 will thus be the secondary drive shaft. In this regard, reference to Figures 5a and 5b and the accompanying 
text is suggested. 

Turning now to a description of the planetary gear assembly 48, the exterior surface of the input shaft 50 defines a 
plurality of external teeth 58 which engage comp'ementarily formed teeth 60 on the inner circular surface of a sun gear 
62. The sun gear 62 is thus coupled to the input shaft 50 for rotation therewith. The sun gear 62 includes gear teeth 64 
about its periphery Aligned with the sun gear teeth 64 is a ring gear 68 having inwardly directed gear teeth 70. A plu- 
rality of pinion gears 72 are rotatably received upon a like plurality of stub shafts 74 which are mounted within a carrier 
76. The carrier 76 includes a plurality of inwardly directed teeth 78 on a surface generally adjacent the external teeth 
58 defined by the input shaft 50. The planetary gear assembly 48 is more fully described in co-owned U. S. Patent No. 
4,440.042 which is herein incorporated by reference. 

An axially sliding, i.e., dog type, clutch 84 is received about the output shaft 40. The clutch 84 defines an inwardly 
directed plurality of teeth 86 which are complementary to and mate with a like plurality of external teeth 88 disposed on 
the output shaft 40. The dog clutch 84 thus rotates with the output shaft 40 but may slide axially thereatong. The teeth 
86 are also complementary to the external teeth 58 on the input shaft 50. The dog clutch 84 also includes a plurality of 
external teeth 90 which are complementary to the teeth 78 disposed on the carrier 76 and which may be selectively 
mated therewith. 

The dog clutch 84 is axially translatable between a first, fonward position wherein the external teeth 58 couple with 
the teeth 86 and thus provide direct drive between the input shaft 50 and the output shaft 40. Translated fully to the rear, 
the dog clutch 84 couples the carrier 76 to the output shaft 40 through the mating of the teeth 78 and the external teeth 
90. In this position, the speed of the output shaft 40 relative to the input shaft 50 is reduced in accordance with the 
selected gear ratio of the planetary gear assembly 48. The dog clutch 84 may be also moved to a third, neutral position, 
mid-way between the fonward. direct drive position and the rear, reduced speed drive position. In the middle positfon. 
the input shaft 50 is disconnected from the output shaft 40 and no torque is transferred therebetween. 

The position of the dog clutch 84 is commanded by an electric shift control motor 100. The electric shift control 
motor 100 rotates a drive shaft 102 through a worm gear drive 104. The drive shaft 102 is suitably supported for rotation 
with the housing 30 of the transfer case 28. The position of the drive shaft 102 is monitored and read by an encoder 
assembly 106 which provides information about the current position of the drive shaft 102 and the dog clutch 84. 

The drive shaft 1 02 terminates in an arm 1 08 which is coupled to a spring assembly 1 1 0. The spring assembly 1 1 0 
is wrapped about the drive shaft 102 and is also engaged by an arm 1 12 which extends axially from a cylindrical cam 
1 1 4. The spring assembly 1 1 0 functions as a resilient coupling between the drive shaft 1 02 and the cylindrical cam 1 1 4 
to absoib lag between the movement commanded by the drive motor 100 and the driven components so that the shift 
motor 100 is allowed to reach its final requested position. The spring assembly 110 allows smooth and fast response to 
a requested repositioning of the dog clutch 84 in situations where the inwardly directed teeth 86 of the dog clutch 84 do 
not instantaneously engage the external teeth 58 of the input shaft 50 or the external teeth 90 of the dog clutch 84 do 
not instantaneously engage the teeth 78 of the carrier 76. When rotation of the input shaft 50 allows engagement of the 
aforementioned clutch teeth, potential energy stored in the spring assembly 1 10 rotates the cylindrical cam 1 14 to its 
requested position, thus completing the shift 

The cylindrical cam 1 14 defines a helical track 1 16 which extends approximately 270** about the cam 1 14. The hel. 
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ical track 116 receives a pin and cam follower 1 18 which is coupled to and translates a fork assennbly 120. The fork 
assembly 120 is supported for bidirectional translation upon a fixed shaft 122 and engages the periphery of the dog 
dutch 84. Rotation of the shaft 102 axially repositions the cam follower assembly 118 and axially positions the dog 
clutch 84 in one of the three positions described above. It will be appreciated that the planetary gear assenr*ly 48 
including the mechanism of the dog clutch 84 which provides dual range, i.e., high and low speed, capability to the 
transfer case 28 Is optional and that the on demand vehicle drive system 1 0 is fully functfonal and may be utilized with- 
out these components and the dual speed range capability provided thereby. 

Refem'ng now to Figures 2 and 4. the transfer case 28 also includes an electromagnetic dutch assembly 124. The 
dutch asserrtDly 1 24 is disposed about the output shaft 40 and includes a primary, cone dutch assennbly 125 and a sec- 
ondary, disc pack dutch assembly 1 50. The primary dutch assembly 1 25 includes a drcular drive member 1 26 coupled 
to the output shaft 40 through a splined interconnection 128. The drcular drive member 126 indudes a plurality of cir- 
cumferentiaily spaced apart recesses 130A in the shape of an oblique section of a helical torus, as illustrated in Figure 
3. Each of the recesses 130A receives one of a like plurality of load transfen^ing balls 132. 

A drcular driven member 1 34 is freely rotatably cfisposed on the output shaft 40 adjacent the drcular drive member 
136 and indudes a like plurality of opposed recesses 130B defining the same shape as the recesses 130A. The oblique 
side walls of the recesses 130A and 130B function as ramps or cams and cooperate with the balls 132 to drive the cir- 
cular members 126 arxl 134 apart in response to relative rotation therebetween. It will be appredated that the recesses 
130A and 130B and the load transfening balls 132 may be replaced with other analogous mechanical elements which 
cause axial displacement of the drcular members 1 26 and 1 34 in response to relative rotation therebetween. For exam- 
ple, tapered rollers disposed in complementarily configured conical helices may be utilized. 

The periphery of the drcular driven member 134 engages and is tightly secured to an electromagnetic coil housing 
135. The coil housing 135 is circular, defines a U-shape in cross section and indudes an external frusto-conical clutch 
face 136 which is disposed in opposed relationship with an internal frusto-conical dutch face 137 on an armature 138. 
The frusto-conical clutch faces 136 and 137 are preferably parallel and complementarily configured. Accordingly, both 
are preferably oriented at an angle of 8° to their axis of rotation. Smaller (shallower) contact angles on the order of 5" 
or 6** or larger (steeper) angles on the order of 10*» to 1 S'* may be utilized depending upon the desired force/engagement 
charaderistics of the primary dutch assembly 125, smaller angles providing more agressive dutch engagement and 
vice versa. 

As illustrated in Rgures 4 and 4a, the dutch face 136 on the coil housing 135 defines a single helical lubrication 
groove 139. The lubrication groove 139 is prferably semi-drcular in cross section, of left hand sense and extends 
around the dutch face 136 approximately four turns. TTie armature 138 also includes a plurality of, preferably six, radial 
lubrication grooves 140 which extend from its inside diameter radially outwardly and then obliquely along the dutch face 
137. To improve its performance and durability, the clutch face 137 of the armature 138 may be nitro-carburized. Sets 
of inter engaging splines 142 cause the armature 138 to rotate with the housing of the disc pack duteh assembly 150, 

The coil housing 135 surrounds a drcular, stationary electromagnetic coil 144 on three sides. The electromagnetic 
coil 1 44 is provided with incrementally adjusted levels of electrical energy from a pulse width nrxxlulation (PWM) control. 
The pulse width modulation scheme utilized in the present invention is conventional and increases or decreases the 
average current to the coil 144 of the electromagnetic duteh assembly 124 and ttius torque throughput by increasing or 
decreasing the on time (duty cyde) of a tiiirty-tiiree (33) Hertz signal. It will be appreciated tiiat other modulating control 
techniques may be utilized to achieve incremental engagement and disengagement of tiie electromagnetic dutch 
assembly 124. 

Providing electrical energy to tiie electromagnetic coil 144 causes magnetic attraction of the armature 138 to the 
coil housing 135. This magnetic attraction results in frictional contact between tiie frusto-conical clutch faces 136 and 
137. When the output shaft 40 is turning at a different speed than the armature 138 which turns at the same rotational 
speed as the secondary output shaft 26, this frictional contact results in a frictional torque being transferred from tiie 
output shaft 40, through the drcular drive member 126, through the load transfenring balls 132 and to the circular driven 
member 134. The resulting frictional torque causes ttie balls 132 to ride up tiie ramps of tiie recesses 130A and 130B, 
causing axial displacement of the circular drive member 1 26. Axial displacement of the drcular drive member 126 trans- 
lates an apply plate 146 which is splined to tiie output shaft 40 and a washer 148 disposed between tiie armature 138 
and the apply plate 146 axially toward the secondary, disc pack dutch assembly 150. A compression spring 151 pro- 
vides a restoring force which biases the drcular drive member 126 toward tiie circular driven member 134 and returns 
the toad transfening balls 132 to center positions in the recesses 130A and 130B to provkJe maximum dearance and 
minimum friction between ttie components of the electromagnetic dutch assenrtoly 124 when it is deactivated. 

The secondary disc pack dutch assemtrfy 1 50 indudes a plurality of interieaved friction plates or discs 152. A first 
plurality of discs 1 52 A are coupled by interengaging splines 1 54 to a clutoh hub 1 55 which is coupled to tiie output shaft 
40 for rotation tiierewith. A second plurality off discs 152B are coupled to an annular housing 156 by interengaging 
splines 1 58 for rotation tiierewith. 

An important design consideration of ttie recesses 130A and 130B and tiie balls 132 is ttiat tiie geometry of their 
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design and the design of the washer 148, the compression spring 151 and the clearances in the dutch assembly 124 
ensure that the dutch assembly 124 is not self -locking. The electromagnetic dutch assembly 124 nriist not self-engage 
but rather must be capable of modulated damping of the dutch discs 152 and torque transfer in direct response to the 
incremented or decremented step-wise PWM control input 
5 It should be understood that while the electromagnetic dutch assembly 124 described above incorporates electro- 
magnetic activation means, it may also be operated in the same increnrental (step-wise) manner by hydraulic or pneu- 
matic operators provided with incrementally controlled pressurized hydraulic fluid or incrementally controlled 
pressurized air, respectively. 

The annular housing 156 is disposed for free rotation about the output shaft 40 and is coupled to a chain drive 

10 sprocket 160 by a plurality of interengaging lugs and recesses 162. The drive sprocket 160 is also rotatably disposed 
on the output shaft 40. When the electromagnetic dutch assembly 124 is engaged, it transfers energy from the output 
shaft 40 to the chain drive sprocket 160. A drive chain 164 is received upon the teeth of the chain drive sprocket 160 
and engages and transfers rotational energy to a driven chain sprocket 166. The driven sprocket 166 is coupled to the 
front (secondary) output shaft 26 of the transfer case 28 by interengaging splines 168. 

75 The transfer case 28 also indudes a first Hall effect sensor 1 70 which is disposed in proximate, sensing relationship 
with a plurality of teeth 1 72 on a tone wheel 1 74 which is coupled to and rotates witfi the rear (primary) output shaft 40. 
A second Hall effect sensor 176 is disposed in proximate, sensing relationship with a plurality of teeth 178 of a tone 
wheel disposed on the driven sproctet 166. Preferably, the number of teeth 1 72 on the tone wheel 1 74 is identical to 
the number of teeth 178 on tiie tone wheel of the driven sprocket 166 so that identical shaft speeds result in the same 

20 number of pulses per unit time from the Hall effect sensors 170 and 176. This simplifies computations relating to shaft 
speeds and improves the accuracy of all logic decisions based on such data and computations. As to tiie actual number 
of teeth 172 on the tone wheel 174 and teeth 178 on the tone wheel of the driven sprocket 166. it may vary from thirty 
to forty teetii or more or fewer depending upon rotational speeds and sensor construction. The use of thirty-f ive teeth 
on the tone wheels has provided good results with the Hall effect sensors 170 and 176 and is therefore the presentiy 

2$ preferred number of teeth. 

The first and second Hall effect sensors 1 70 and 1 76 sense the respective adjacent teetii 1 72 and 1 78 and provide 
a series of pulses which may be utilized to compute tiie instantaneous rotational speeds of tiie front output shaft 26 and 
the rear output shaft 40 which, of course, correspond to tiie rotational speeds of the front drive shaft 24 and the rear 
drive shaft 38. These rotational speeds may be utilized to infer the speed of the vehicle as well as determine overrun- 

30 ning by either the front or the rear drive shafts relative to the other which r^resents wheel spin and thus wheel slip. Hall 
effect sensors are preferred inasmuch as they provide an output signal which alternates between a well defined high 
and low signal value as tiie sensed teeth pass. 

It will be appredated tiiat other sensing devices such as, for example, variable reluctance sensors may be utilized. 
Such sensors do not, however, provide the dean wave form provided by Hall effect sensors, particulariy at low shaft 

35 speeds, and thus may require extra input conditioning to provide useable data. It should also be appreciated that the 
Hall effect sensors 1 70 and 1 76 and their respective adjacent teeth 1 72 and 1 78 are preferably located within the hous- 
ing 30 of the transfer case 28 but may be located at any convenient site along the primary and secondary drive lines. 

Alternatively, a first pair of Hall effect sensors and tone wheels may be disposed to sense rotation of the rear (pri- 
mary) tire and wheel assemblies 34 and a second pair of Hall effect sensors and tone wheels may be disposed to sense 

40 rotation of the front (secondary) tire and wheel assemblies 22. The average of tiie outputs of the first pair of sensors is 
functionally equivalent to the speed of the rear drive shaft 38 and the average of tiie outputs of the second pair of sen- 
sors is functionally equivalent to the speed of the front drive shaft 24. 

Referring again to Figure 1. tiie system 10 also indudes a plurality of two position and variable sensors. As used 
herein, variable refers not only to analog devtees such as potentiometers but also to digital devices having pulsed or 

45 digitally coded outputs providing appropriately high resolution of tiie sensed variable. A vehicle speed sensor 1 80. such 
as a Hall effect sensor, is disposed in sensing relationship with a tone wheel on one of tiie front (secondary) drive 
wheels 22 to provide an auxiliary indication of vehide speed. When the vehide is stuck in. for example, deep snow, tiie 
vehicle speed sensor 180 also provides an indication that the vehide is stationary while the primary drive wheels are 
rotating. This situation presents a danger to the locking hubs 16 which might otiienwise engage during a period of high 

so torque delivery to the front (secondary) tire and wheel assemblies 22. In this situation, tiie system 10 commands 
staged, i.e.. sequential, engagement of first tiie locking hubs 16 and then the electromagnetic dutch assembly 124 
according to the subroutine illusti-ated in Figure 1 2 and described in tiie accompanying text. 

A steering angle sensor 182 provides a signal indicating the angular position of the front tire and wheel assemblies 
22, The sensor 182 may provide a signal having a null point when the front tire and wheel assemblies 22 are positioned 

55 sti-aight ahead and increase when moved to either side; provide a null on center and a negative signal to one side and 
a positive signal to the otiier or a ramp signal having a minirrum value at one end of travel of tiie steering linkage and 
a maximum value at the ottier end. Alternatively, the steering angle sensor 182 may provide logic signals at preselected 
angular positions of the front tire and wheel assenrtties 22. Information from ttie steering angle sensor 182 Is utilized 
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to adjust the threshold values of drive shaft speed difference which incremerrtally engage the clutch asserrtjiy 124 as 
will be more fully explained t^elow. 

The system 10 may also include a throttle angle sensor 184 coupled to a throttle linkage 186 of the internal com- 
bustion engine 42. The throttle angle sensor 184 may provide either a variable output or indicate that specific throttle 
settings, such as idle, one-quarter throttle, one-half throttle or three-quarters throttle, have been achieved or exceeded. 

Another control Input is provided by a muHqale position, driver selectable switch 188. The switch 188 defines four 
positions which request one of the following conditions: neutral in which the dog clutch 84 is engaged to neither the out- 
put of the earner gear 76 nor the teeth 58; two-wheel drive in virhich the dog clutch 84 is engaged to the teeth 58 to pro- 
vide direct drive through the transfer case 28 to the rear (jyimary) output shaft 40 and the on demand system 10 and 
the electromagnetic clutch assembly 124 are disabled: four-wheel drive high with the on demand system 10 engaged 
in which the dog clutch 84 is engaged to the teeth 58. the on demand system 10 is activated and operates according to 
the sequence of operating steps to be described below and four-wheel drive low with the on demand system 10 
engaged in which the dog clutch 84 is engaged to the planetary gear canrier 76 to provide a low range output and the 
electromagnetic clutch assembly 124 is energized and engaged at all times to provide torque through the output shaft 
40 to the rear (primary) drive wheels 34 and through the front (secondary) output shaft 36 to the front wheels 22. 

An additional operating mode which fully engages the modulating electromagnetic clutch in the high range of the 
planetary gear asserrtly 48 may be added or substituted for one of the above delineated operating modes to provide 
conventional four-wheel drive operation functioning the same as a four-wheel drive, part time transfer case discussed 
above, if suitable for the particular vehicle application. 

The system 10 also includes a two position brake switch 190 which is activated when the vehicle braking system is 
activated and provides a two state logic signal indicating that the vehicle brake pedal is depressed. A signal may be pro- 
vided from the ABS braking system of the vehicle, if so equipped, which indicates that the ABS is active. Such an ABS 
signal may replace or be in addition to the signal from the brake switch 190. 

Referring now to Figure 5a, a first alternate embodiment of the on demand vehicle drive system 10' is illustrated. 
The altemate embodiment system 10* is similar to the system 10 illustrated in Figure 1 except that the primary drive 
wheels are located at the front of the vehicle, the locking hubs have been eliminated and the electromagnetic clutch 
assembly 124 has been relocated to the rear axle differential housing. Locations of certain of the sensors have also 
been changed. 

The alternate embodiment system 10' thus includes a pair of front (primary) axles 12' coupled at one end to a 
respective pair of front tire and wheel assemblies 22' and operably coupled at their other ends to a front (primary) dif- 
ferential 1 4\ A front (primary) drive shaft 24' drives the front differential 1 4' from the front (primary) output of a transaxle 

25. ... 

At the rear of the vehicle are disposed a pair of rear axles 32' coupled at their outer ends to a respective pair of rear 
(secondary) tire and wheel assemblies 34*. The inner ends of the rear axles 32' are coupled to a rear differential 36*. A 
rear (secondary) drive shaft 38' is coupled to the rear (secondary) output of the transaxle 25 and drives the rear differ- 
ential 36' through an electromagnetic clutch assembly 124'. The output of the electromagnetic dutch assembly 124' is 
coupled to the rear differential 36' by a stub shaft 37. The transaxle 25 includes a right angle drive to the rear drive shaft 
38'. A transversely mounted internal combustion engine 42* drives the transaxle 25. 

Sensors include a first Hall effect sensor 170' which senses the speed of the front (primary) drive shaft 24'. A sec- 
ond Hall effect sensor 176' senses the speed of the shaft disposed between the output of the electromagnetic clutch 
assembly 124' and the rear differential 36'. A third Hall effect sensor 180' provides an accurate indication of vehicle 
speed by sensing the speed of rotation of one of the rear (secondary) tire and wheel assemblies 34'. The first alternate 
embodiment system 10' therefore illustrates, first of all. the adaptability of the system 10 to various driveline configura- 
tions, namely, primary front wheel drive. It further illustrates that the electromagnetic clutch assembly 124' may be 
moved from the transfer case 28 and disposed within the housing of the rear differential 36'. 

Referring now to Figure 5b. a second alternate embodiment of the on demand vehicle drive system 10" is illus- 
trated. The second alternate embodiment system 1 0'* is also similar to the system 1 0 illustrated in Rgure 1 and is similar 
to the first alt^-nate embodiment 10' in that the primary drive wheels are located at the front of the vehicle. The electro- 
magnetic clutch assembly 124" is disposed at the front of the vehicle, adjacent the rear of the transaxle 25. Locations 
of certain of the sensors have again been changed. 

The second alternate embodiment system lO** thus includes a pair of front (primary) axles 1 2" coupled at one end 
to a respective pair of front tire and wheel assemblies 22" and operably coupled at their other ends to a front (primary) 
differential 14". A front (primary) drive shaft 24" drives the front differential 1 4" from the output of the transaxle 25. 

At the rear of the vehicle are disposed a pair of rear axles 32" coupled at tiieir outer ends to a respective pair of 
rear (secondary) tire and wheel assemblies 34". The inner ends of the rear axles 32" are selectively engaged by an axle 
disconnect 35 to a rear differential 36". A rear (secondary) drive shaft 38" is driven by the output of an electromagnetic 
clutch assembly 124". A transversely mounted internal combustion engine 42" drives the transaxle 25 which in turn also 
drives the input of the electromagnetic clutch assembly 1 24". 
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Sensors include a first Hall effect sensor 1 70" which senses the speed of the front (primary) drive shaft 24". A sec- 
ond HafI effect sensor 170" senses the speed of the (secondary) drive shaft 38" dsposed between the output of the 
electromagnetic dutch assembly 124" and the rear differential 36". A third Hall effect sensor 180" provides an accurate 
indication of vehicle speed by sensing the speed of rotation of one of the rear (secordary) tire and whe^ assemblies 
34". The second aftemate embodiment system 10" further illustrates the adaptability of the system 10 to various drive- 
line configurations, namely, a primary front wheel drive configuration in which the electromagnetic dutch assembly 124" 
is disposed adjacent the transaxle 25 and an axle dsconnect 35 is disposed at the rear differential 36". 

It will be appreciated that other combinations of placements of the above discussed components are possible and 
wholly within the scope of the present invention. That is, axle disconnects within a differential housing as illustrated in 
Rgure 5b may be utilized in a system wherein the electromagnetic dutch assembly 124 is disposed within the housing 
30 of the transfer case 28 as in the prefen^ed embodiment system 10, Or, for example, the locking hubs 16 of the pre- 
fen-ed eirtjodiment system 10 may be utilized at the rear (secondary) tire and wheel assemblies 34' of the first alternate 
embodiment 10*. 

Refen-ing now to Figure 6, an encoding wheel 192 of the encoding assembly 108 is illustrated. The encoding wheel 
1 92 is fabricated of insulating material and indudes a centrally disposed bushing 1 94 which preferably defines an asym- 
metrical opening or may include either a set screw or a keyway (both not illustrated) which registers the encoding wheel 
192 on the asymmetrically complementary drive shaft 102. The encoding wheel 192 indudes a plurality of irregular, 
generally arcuate electrical contacts 196 which are arranged in concentric, generally circular tracks. The electrical con- 
tacts 196 in any given track are separated by open (insulated) areas. Preferably, an innermost pair of wiper contacts 
198 are connected to a low logic voltage source. They nnay. however, be connected to any appropriate voltage source. 
An outer group of four wiper contacts 198 are aligned with each of the tracks 196. As the encoding wheel 192 rotates 
through 270*», the group of four electrical contacts 198 receive signals which comprise a four bit Gray code. The four bit 
Gray code defines hexidedmal values from 0 to F and the values represent distinct sectors of the encoder wheel 192 
and the drive shaft 1 02. The position of the drive shaft 1 02 over approximately 270*' of rotation can thus be determined 
with good accuracy by reading the Gray code data provided by the encoder assembly 106. 

The following Table I presents the hexidedmal values read by the contacts 198 and the positions of the encoder 
wheel 192, tt should be noted that the specific pattern of the electrical contacts 196 illustrated in Rgure 6 provides 
improved angular resolution adjacent the neutral, high and low positions of the dog dutch 84 and reduced resolution in 
the intermediate positions. 



TABLE I 



CONTACTS (198) 


POSITION. 




High 


Mid High 


N 


Mid Low 


Low 


INNER 


0 


1 


1 


0 


0 


INNER MIDDLE 


1 


0 


1 


1 


0 


OLTTER MIDDLE 


0 


0 


0 


1 


1 


OUTER 


1 


1 . 


0 


0 


1 



All of these signals are provided to a microcontroller 200. The microcontrdler 200 may be located at any convenient 
location within the motor vehide or may be disposed within and protected by the housing 30 of the transfer case 28. The 
microcontroller 200 utilizes an internjpt driven program which functions with four internal loops having distinct cyde 
times. A first minor loop, which shall be designated LOOP1 . indudes the routine for directing movement of the shift con- 
trol motor 100. A new L0OP1 is commenced every 4.12 milliseconds. Asecond loop, designated LOOP2, indudes rou- 
tines which monitor the Hall effect sensors 170. 176 and 180 compute the vehicle speed, control the locking hubs 16. 
learn the value of the speed ratio between the primary and secondary drive shafts resulting from the use of different 
(mixed) diameter vehide tires, enable, operate and disable the electromagnetic dutch assenr*ly 124 and accept new 
commands from the switch 188. Execution of L00P2 routines begins every 20.5 milliseconds. 

A third and still longer loop begins every 200 milliseconds and is designated LOOP3. L00P3 indudes routines 
which monitor the status and operating condition of the overall system 10 and drive a plurality of dashboard indicator 
lights and displays 202, illustrated in Rgure 1. which provide information to the vehide operator. Rnally, the microcon- 
troller 200 indudes a fourth loop, designated LOOP4, which beings execution every 2000 milliseconds (two seconds). 
LOOP4 indudes routines relating to various diagnostic adivity and displays related thereto. Certain diagnostic activity 
from LOOP4 are also presented to the operator of the vehicle by the plurality of dashkx>ard indicator lights 202. 

The interieaved operation of these loops is illustrated diagrammatically in Rgure 7. Every 4.12 milliseconds. 
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L00P1 begins execution of the routines induded therein. Eveiy fifth execution of L00P1, that is. every 20.5 millisec- 
onds, execution of the routines of LCXDP2 convnence after LOOPI routines have been completed. This cycle continues 
until 200 milliseconds have elapsed at which time L00P3 is begun after LOOP1 and L00P2 have been completed. 
Rnally. after two seconds have eiapsed, LOOP4 will begin execution after LOOP1 , LOOP2 and LOOP3 have been oom- 

5 pleted. It will be appreciated that any higher numbered loop, if not completed prior to commencement of the execution 
of a lower numbered loop in accordance with the given loop execution cycle times, will be intemipted in accordance with 
the cyde start time of the lower numbered loop, hence the designation "interrupt driven*. 

Referring now to Rgure 9a. the real time interrupt executive commences at an initializing step 204A which starts 
the real time interrupt service routine. The executive 204 then moves to a process step 204B which enables the real 

10 time Intemjpt executive for the next loop. From the process step 204B, the executive 204 moves to a decision point 
204C which enquires whether LOOPI and its associated routines are active. If LOOPI is not active, tiie executive 204 
branches from tiie decision point 204C at NO and enters a process step 204D which provides an indication that LOOP1 
is active and moves to a process step 204E which executes the routines of LOOP1 . When execution of LOOP1 is com- 
plete, tiie process step 204E is exited and the executive 204 moves to a process step 204F which provides an indication 

75 that LOOP1 is no longer active and nnoves to a decision point 204Q. The decision point 204G determines if it Is time to 
execute the routines and subroutines of LOOP2. If it is not. tiie executive 204 branches at NO of the decision point 204G 
and enters a process step 204H which decrements the L00P2 timer. If it is time to execute L00P2, the decision point 
204Q is exited at YES and the executive 204 moves to a decision point 2041 which enquires whether LOOP2 is active. 
If L00P2 is not active tiie decision point 2041 is exited at NO and the executive 204 moves to a decision point 204J 

20 which enquires whether LOOP1 is active, tf L00P1 is not active, ttie decision point 204J is exited at NO and the exec- 
utive 204 moves to a process step 204K which indicates that LOOP2 is active. Next, tiie process step 204L is executed 
which resets ttie L00P2 timer. Returning to ihe decision point 2041, if LOOP2 is active, ttie decision point 2041 is exited 
at YES. Likewise, if LOOPI is active the decision point 204J is exited at YES. 

Referring now to Rgures 9a and 9b, in botii of the above cases, the executive 204 moves to a decision point 204M 

25 which enquires if It is time to execute LOOPS. After the LOOP2 timer is reset in the process step 204L. the executive 
204 commands execution of tiie routines and subroutines of LOOP2 at a process step 204N if time is available. Upon 
either tiie completion of tiie routines and subroutines of LOOP2 or the expiration of available time in which to complete 
same, execution of L00P2. a process step 204P then provides an indication tiiat L00P2 is no longer active, from the 
process step 204P, tiie executive 204 moves to the decision point 204M. Upon completion of the process step 204H 

30 which decrements tiie L00P2 timer, tiie executive 204 also enters ttie decision point 204M which as noted previously, 
enquires whether it is time to execute the routines and subroutines of L00P3. If it is not time to execute LOOP3. the 
decision point 204M is exited at NO and tiie executive 204 enters a process step 204Q which decrements tiie LOOPS 
timer. If it is time to execute the routines and subroutines of LOOPS, tiie decision point 204M is exited at YES and ttie 
executive 204 moves to a decision point 204R which enquires whetiier LOOPS is active. If LOOPS is not active, ttie 

35 decision point 204 is executed at NO and the executive 204 moves to a decision point 204S which enquires whetiier 
LOOP2 is active, tf L0OP2 is not active, tiie decision point 2048 is exited at NO and tiie executive 204 moves to a deci- 
sion point 204T which enquires whetiier LOOP1 is active. If it Is not, ttie executive 204 moves to a process st^ 204U 
which provides an indication tiiat LOOPS is active. 

Referring now to Figures 9b and 9c and returning to the decision point 204R, If LOOPS is active ttie ded^on point 

40 204R is exited at YES and moves to a decision point 204V. Likewise, if the decision point 204S determines that LOOP2 
is active, it is exited at YES and the executive 204 moves to tiie decision point 204V. Finally and likewise, if LOOPI is 
active, ttie decision point 204T is exited at YES and tiie executive 204 also moves to tiie decision point 204V. 

Upon completion of the process step 204U illustrated in Figure 9b, tiie executive 204 moves to a process step 
204W which resets ttie LOOPS timer. Then, the executive 204 enters a process step 204X which decrements the 

45 LOOP4 timer and to a process step 204Y which executes the routines and subroutines of LOOPS if time is available. 
Upon either the completion of the routines and subroutines of LOOPS or ttie expiration of available time in which to com- 
plete same, the executive 204 moves to a process step 204Z which provides an indication tiiat LOOPS is no longer 
active. The executive 204 tiien moves to the decision point 204V. The decision point 204V may also be arrived at from 
the output of tiie process step 204Q which decrements the LOOPS timer. 

so The decision point 204V determines whether it is time to execute the routines and subroutines of L00P4. If it is, 
the decision point 204V is exited at YES and ttie executive 204 enters a process step 206A which resets ttie LOOP4 
timer and ttien enters a decision point 206B which detennines whettier any of ttie four loops are presentiy active. If any 
of the loops are active, the decision point 2068 is exited at YES and ttie executive 204 moves to a process step 2060 
which permits ttie then active loop to finish before anotiier loop is started. When tiie process step 206C is completed, 

55 the executive 204 returns from a interrupt at the step 206D. 

Returning to tiie decision point 206B, if any loop is active, the decision point 206B is exited at NO and the executive 
204 enters a process step 206E which indicates ttiat L00P4 is active and ttien moves to a process step 206F which 
executes the routines and subroutines of LOOP4 if time is available. Upon completion of the routines and subroutines 
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of LOOP4 or as much of the routines and subroutines as time allows, the executive 204 moves to a process step 206G 
which indicates that LC)OP4 is no longer active and then returns from the interrupt at the step 206D. Finally, returning 
to the decision point 204V, If it is not time for the execution of L00P4. the decision point 204V is exited at NO and the 
executive 204 also retums from the Interrupt at the step 206D. 

5 Referring now to Rgure 10, a f irst routine 210 appearing in LOOP2 relates to the reading and computation of vehi- 

cle speed. The vehicle speed routine 210 commences with an initializing step 212 which reads the signals provided by 
the Hall effect sensors 1 70, 1 76 and 180 and all other sensors induding the neutral switch 46. the steering angle sensor 
1^, the throttle angle sensor 184. the driven selectable switch 188 and the brake switch 190. The signal provided by 
the Hall effect sensor associated with the more slowly rotating output shaft and drive shaft (either the front output shaft 

10 26 and the front drive shaft 24 or the rear output shaft 40 and the rear drive shaft 38) is utilized to infer the speed of the 
vehicle. Thus, if the rear output shaft 40 and the rear drive shaft 38 are rotating more slowly, the Hail effect sensor 170 
provides the signal which is utilized to infer the vehicle speed. If. on the other hand, the front output shaft 26 and the 
front drive shaft 24 are rotating more slowly, the Hall effect sensor 1 76 provides the signal which is utilized to infer vehi- 
cle speed. 

IS The routine 210 then moves to a process step 214 which determines vehicle speed from the signal provided by the 
Hall effect sensor, either the sensor 170 or the sensor 176 associated with the slower rotating output shaft and drive 
shaft. Next, the routine 210 moves to a process step 216 which performs a subroutine 240 (illustrated in Figures 12a 
and 1 2b) which controls the electromagnetic dutch assembly 1 24. Upon completion of the process step 21 6, the routine 
210 moves to a decision point 21 7. The decision point 217 determines whether the PWM duty cycle of the electromag- 

20 netic dutch assembly 1 24 has been at or above fifteen percent for at least five seconds. If it has, the possibility of the 
vehide operating with mismatched tire sizes exists and the decision point 217 is exited at YES, moving to the learning 
routine 230 illustrated in Figure 11. 

Inasmuch as it is only necessary that the dedsion point 217 relating to the learning routine 230 be located in the 
20.5 millisecond loop2. its illustrated location is exemplary and the decision point 217 may be moved to other, analo- 
gs gous locations in LOOP2. If the PWM duty cycle of the electromagnetic clutch assembly 124 has not been at or above 
fifteen percent for at least five seconds, the dedsion point 21 7 Is exited at NO and the routine 210 moves to a further 
process step 218 which executes commands provided by other inputs and routines of the microcontroller 200 for the 
shift control motor 100. Rnally, the routine 210 moves to a fourth process step 220 which disables the on demand sys- 
tem 10 if the selector switch 188 is placed in two-wheel drive. This disable mode is absolute and continues until the 

30 selector switch 188 is moved to activate either four-wheel drive high or low on demand operation. Upon completion of 
the process step 220, the routine 210 returns to the system. 

Referring now to Rgure 1 1, a learning routine 230 appearing in LOOP2 senses and compensates for a constant 
ratio speed disparity between the rear drive shaft 38 and the front drive shaft 24. The term "constant ratio speed dis- 
parity" as used herein refers to a long-term or non-transient fixed rotational speed ratio other than 1 :1 between the pri- 

35 mary and secondary drive lines which occurs when one or more tires installed on a vehicle define different outside 
diameters from the other tires such that under normal, i.e., good, tractive conditions, the different diameter tire(s) 
rotate(s) at a speed distinct from that of the other vehicle tires, thereby introducing a constant ratio speed disparity 
between the rotational speeds of the primary and secondary drive shafts. This constant ratio speed disparity will gen- 
erally result from the use of a compact spare. The situation, of course, will also occur if a pair of oversize or undersize 

40 tires are utilized on one axle in combination with a pair of standard (or different size) vehicle tires on the other axle. It 
will not. however, occur if various size tires are mounted on a vehicle such that the speed averaging effect of the differ- 
entials nulls the disparate tire rotation speeds, a situation that will occur if. for example, two identical pairs of different 
outside diameter tires are separated and one of each pair is mounted on the front and rear axles. 

With regard to the use of a compact spare, if one of the rear tire and wheel assemblies 34 of a vehicle equipped 

45 with tires having a nominal outside diameter of 67.3 centimeters is replaced by a compact spare having a nominal out- 
side diameter of 57.2 centimeters, the compact spare will rotate 1 . 1 77 times faster than tiie other tires. Given the aver- 
aging action of the rear differential 36, the rear drive shaft 38 will rotate 1 .089 times faster than the front drive shaft 24. 
Thus, if the front drive shaft 24 is rotating at 1 00 r.p.m., the rear drive shaft 38 will rotate at 108.9 r.p.m. Notwithstanding 
the foregoing, because the microconti-dler 200 and te associated routines and subroutines function on speed differ- 

50 ences (deltas) between the primary and secondary drive lines, not the ratios of tiie speeds, the learning routine 230 
senses speed differences between the front drive shaft 24 and tiie rear drive shaft 38 within a range of vehide speeds 
such tiiat tiie sensed speed differences have relevance to tiie overall control scheme. 

The learning routine 230 begins at a dedsion point 232A which determines whetiier tiie learning routine 230 has 
been completed. If the learning routine 230 has been completed, the dedsion point 232A is exited at YES and the rou* 

55 tine 230 returns to the system. If learning has not been completed, the dedsion point 232A is exited at NO and ttie rou- 
tine 230 enters a second decision point 232B which enquires whether learning is presently in progress. 

If it is determined ttiat learning is not in progress, tiie decision point 232B is exited at NO and the routine 230 moves 
to a decision point 2320. The dedsion point 2320 enquires about tiie present vehide speed as sensed by either tiie 



11 



EP0 659 605B1 



Mali effect ser^or 1 70 associated with the primary drive shaft 38 or the Hall effect sensor 180 which senses the rota- 
tional speed of one of the secondary drive wheels such as the front wheel 22. If the sensed speed of the vehicle is less 
than the maxinnum speed at which the locking hukss 16 may be engaged, the decision point 232C is exited at YES and 
the routine 230 moves to a process step 2320 which irrdicates that learning is in progress and then to a second process 
5 step 232E which sets the learned speed delta or difference register value equal to zero.. If the sensed vehicle speed is 
not less than the speed at which the locking hubs 16 may be engaged, that is. is greater than such speed, the decision 
point 232C is exited at NO and the routine 230 again moves to the process step 232E which has been explained imme- 
diately above. 

The maximum speed for engagment of the locking hubs 1 6 is a value which may be adjusted to accommodate var- 

10 ious configurations of locking huts, vehicle drive trains and vehicles. A value of 4 Kilometers/Hr. has been found suita- 
ble and a range of 2 to 10 Kilometers/Hr. is believed to encompass those speeds which will be suitaWe in the vast 
majority of adaptive drive systems. Sutssequent to indicating that the learning routine 230 is in progress and setting the 
learned speed difference equal to zero, the routine 230 returns to the system. 

Returning to the decision point 232B, if the process step 232D has been set to indicate that learning is in progress, 

IS the decision point 232B is exited at YES and the routine 230 then enters a decteion point 232F which enquires whether 
the sensed vehicle speed is below a minimum learning speed. The minimum learning speed may vary depending upon 
the drive train, vehicle configuration and other variables. A minimum learning speed of 50 Kilometers/Hr. has been 
found suitable for many applications although this value may be varied widely from between about 25 to 75 Kilom- 
eters/Hr. depending upon the above-stated variables. If the vehicle speed is less than the minimum learning speed, the 

20 decision point 232F is exited at YES and the routine 230 retums to the system. 

If vehicle speed is not less than the minimum learning speed, that is, is greater than the minimum learning speed, 
the decision point 232F is exited at NO and the routine 230 enters a decision point 232G. The decision point 232G also 
reads the current vehicle speed as discussed above and determines whether such speed is greater than the maximum 
learning speed. A maximum learning speed of 100 Kilometers/Hr. has been found suitat}le for many applications. Again, 

25 however, this value nnay be adjusted in order to provide optimum performance with various vehicle configurations and 
drive trains. For example, this value may be varied from between about 50 Kilometers/Hr. to 150 Kilometers/Hr. while 
preferably maintaining about a 2:1 ratio with the nninimum learning speed discussed directly above. 

If the sensed vehicle speed is greater than the maximum learning speed, the decision point 232 is exited at YES 
and the routine 230 returns to the system. If the vehicle speed is below the maximum learning speed, the decision point 

30 232G is exited at NO and the routine 230 enters a process step 232H which sets a value of the average speed differ- 
ence or delta equal to the previous average speed delta plus a new speed delta. The process step 232H is, in effect, a 
long term, i.e., non-transient averaging step which sums sensed values of speed differences between the prinnary and 
secondary drive lines as the teaming routine 230 iterates. Following the process step 232H. the routine 230 enters a 
process step 2321 which indexes a oount register by one. This is achieved by taking the present value in the count reg- 

35 ister and replacing it with the value increased by one. 

The learning routine 230 then moves to a decision point 232 J which reads the value of the count register and deter- 
mines whether its present value equals 255. If it does not. the decision point 232J is exited at NO and the routine 230 
retums to the system. If the value in the count register equals 255. the decision point 232J is exited at YES and the rou- 
tine 230 enters a process step 232K which computes the learned speed delta or difference which Is equal to the sum 

40 of the average speed deltas recorded through the summing process step 232H divided by 256. Then, a process step 
232L is entered which resets the average speed and count registers to zero in preparation for subsequent operation of 
the routine 230. After the process step 232L, a decision point 232M is reached which determines whether the learned 
speed delta calculated in process step 232K is above a mimimum calibrated value arxj below a maximum calibrated 
value. In effect, the process step 232K determines whether the calculated value of learned speed delta or difference 

45 should be utilized or ignored. The minimum calibrated value will vary depending upon drive system and vehicle config- 
urations. A value of 5 Kilometers/Hr. has been found suitable in many applications but it is anticipated that this value 
may vary from between about 3 and 8. Likewise, a maximum calibrated value of 12 Kilometers/Hr. has been found suit- 
able in many applications but it is anticipated that this value may vary from between about 10 and 15 Kilometers/Hr. If 
the calculated learned speed difference is greater than the maximum calibrated value and less than the maximum cal- 

50 ibrated value, the decision point 232M is exited at YES. the learning routine 230 is complete and it returns to the sys- 
tem. If the learned speed delta is less than the minimum calibrated value or greater than the maximum calibrated value, 
the decision point 232M is exited at NO and a process step 232N is entered which sets the learned speed difference or 
delta equal to zero and the routine 230 returns to the system. 

The learning routine 230 thus senses, averages and provides a correction for relatively long-term, i.e., non-tran- 

55 sient, speed differences between the front drive shaft 24 and the rear drive shaft 38 resulting from the installation of, for 
example, a compact spare in place of one of the vehicle's standard tires and wheels. As is apparent from process step 
232K. 256 samples are preferably taken. Such sampling takes between about 40 and 50 seconds. Longer and shorter 
sampling periods and larger or smaller numbers of samples may. of course, be utilized with attendant increases or 
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decreases in accuracy, respectively. Sampling periods as short as 400 miiliseconds and as long as five minutes have 
been considered. The learning routine 230 and its compensating action is in direct contrast to a main clutch control rou- 
tine 240. described directly below, which activates the electromagnetic clutch assembly 124 to transfer torque from the 
primary drive line. here, the rear drive shaft 38, to the secondary drive line, the front drive shaft 24 in response to rela- 
5 tivety short-term, i.e., transient, speed differences between the drive lines resulting from wheel slip which exceeds a 
threshold value. 

Referring now to Rgures 12a and 12b. the main clutch control routine 240 begins at a decision point 242 which 
determines whether the operator selectatsle switch 188 is positioned in an on demand position. If this is not true, the 
routine 240 branches at NO to a process step 244 which sets a torque ramp down flag. 

10 if the operator selectable switch 1 88 is in an on demand position, the decision point 242 is exited at YES and enters 
a decision point 246 which determines whether the initial power on delay has been completed. If it has not been com- 
pleted, the decision point 246 is exited at NO and the process step 244 is entered which sets the torque ramp down 
flag. The power on delay is typically one second. If the power on delay has been completed, the decision point 246 is 
exited at YES and the routine 240 enters a decision point 248 which interrogates the encoder assemt^ly 106 to deter- 

15 mine the current position of the dog clutch 84. If the current position of the encoder assembly 1 06 is neutral, the deci- 
sion point 248 branches at YES and the routine 240 moves to the process step 244 which sets the torque ramp down 
flag. If the cunent position of the encoder asserTi)ly 106 is neutral indicating that the dog clutch 84 of the transfer case 
28 is in neutral, the decision point 248 is exited at NO. 

Refemng now to Figure 12b, the routine 240 enters a decision point 250 which intenrogates the software or a set- 

20 table memory device of the miaocontroller 200 to determine whether a feature which fully engages the electromagnetic 
clutch assembly 124 in the low gear range of the transfer case 28 is enat)led. If it Is. the decision point 250 is exited at 
YES and the routine 240 enters a decision point 252 which determines whetiier the current position of the encoder 
assembly 106 and associated components of the transfer case 28 is low gear. If the cunrent position of the encoder 
assembly 106 is not tow gear, the routine 240 branches at NO to a process step 254 which reads tiie learned speed 

25 delta from the learning routine 230 determines the maximum allowable wheel speed difference (which is indicative of 
wheel slip) for the present vehicle speed infen-ed from the speed of ttie drive shaft which is rotating more slowly, as 
noted above. If the encoder assembly 106 indicates that the associated components of the transfer case 28 are in low 
gear, the routine branches at YES and moves to a process step illustrated in Figure 12a The process step 254 may 
also be reached by a NO response from the decision point 250 which has determined that the software or memory is 

30 set to not enable the electromagnetic clutch assembly 124 in low gear. 

The maximum allowable wheel speed difference for a given vehicle speed (which is indicative of wheel slip) is 
determined from that part, i.e., Part A. B. C or D of Section 1 of Table 11 which con-esponds to the then current operating 
conditions of the vehicle, i.e.. whether the brate switch 190 is activated and whetiier the transfer case 28 is in high gear 
or low gear. 

35 The routine 240 then enters a decision point 256 which determines whether throttle angle compensation is ena- 
bled, that is. whether tiie tiirottie angle sensor 184 and tiie associated software are functioning. If tiie throttle angle 
compensation is enabled, tiie subroutine 240 branches at YES and enters a process step 258 which reads the current 
position of the throttie angle sensor 184. The throttle angle sensor 184. as noted, may be eitiier an analog device or 
may provide signals indicating, for example, specific ranges of positions such as idle to less than 25%. 25% to less than 

40 50%. 50% to less than 75% and 75% and above. With tiiis current data, the subroutine 240 moves to a process step 
260 which performs a lookup in Table II, Section 2 to determine the appropriate minimum cunent to be provided to the 
electromagnetic clutch assembly 1 24 in accordance witii the present (instantaneous) position of the throttie sensor 184. 
Next, ttie routine 240 enters a process step 262 which increases or decreases tiie PWM duty cyde to raise or lower the 
minimum cunrent level supplied to the electromagnetic clutch assembly 1 24 in accordance witii the value located in Sec- 

45 tion 2 of Table II corresponding to the present position of the ttirottie. 

Returning to decision point 256. if tiie throttle angle compensation is not enabled in the software and in the system 
10, tiie routine 240 branches from tiie decision point 256 at NO and moves to a decision point 264 which determines 
whetiier tiie steering angle compensation is enabled in tiie software and in tiie system 10. If it is not. the subroutine 240 
exits tiie decision point 264 at NO and merges with the output of tiie process step 262. If the steering angle compen- 

50 sation of tiie system 10 is enabled, tiie routine 240 exits tiie decision point 264 at YES and enters a decision point 266 
which determines whether the rear (primary) drive shaft 38 of the vehicle is overrunning the front (secondary) drive 
shaft 24 which indicates, of course, tiiat ttie rear tire and wheel assemblies 34 are ovenunning the front tire and wheel 
assemblies 22. If the answer is affirmative, the dedsion point 266 is exited at YES and tiie routine 240 joins the output 
of the process step 262 and ttie NO exit of the decision point 264. If the rear drive shaft 38 is not ovenunning the front 

55 drive shaft 24, ttie decision point 266 is exited at NO and ttie routine 240 enters a process step 268 which reads ttie 
current steering angle. 

As noted previously, the steering angle refers to the angle of ttie steering wheel and is broken down into tiiree 
ranges: zero to less tiian plus or minus 1 5** of steering wheel rotation, ttiat is. zero to less ttian 1 5** of rotation either right 



13 



EP0 659 605B1 



or left; plus or minus 15° to plus or minus less than 30"*, that is, between either 15** and less than 30° of left or right rota- 
tion of the steering wheel and plus or minus 30** or greater, that Is. more them 30*" of steering wheel rotation in either the 
left or right direction. Next, the routine 240 moves to a process step 270 which reads tiie current speed of the drive shaft 
38. The routine 240 then enters a process step 272 which looks up. in Table II, Section 3, the compensation which will 

5 adjust the maximum allowable prop shaft ^ed difference in light of the current steering angle position read in the proc- 
ess step 268 and the speed of the output shaft 40 read in the process step 270. In the following process step 274. the 
compensation value corresponding to the sensed steering angle is added to tiie maximum allowable drive shaft speed 
difference. The routine 240 then enters the decision point 276 which determines whether the speed difference between 
the drive shafts exceeds the sum of the maximum allowable drive shaft speed difference, determined by the various 

10 steps of the routine 240 discussed directly above, and the leamed speed difference, determined by the learning routine 
230. The decision point 276 determines which is the faster rotating drive shaft arxl also the difference between the 
speeds of rotation of the rear drive shaft 38 and the front drive shaft 24. 

Referring now to Rgures 12a and 12b, if tiie drive shaft speed and thus wheel speed difference is less than the 
maximum allowable difference presented in Table II for the specific vehicle speed and otiier conditions such as whether 

15 the brakes are applied or not and whether the encoder assenr^y 106 and associated components are in either the low 
or high speed range, the decision point 276 is exited at NO and the routine 240 returns to the process step 244 which 
sets a torque ramp down flag, if the speed difference is greater than the allowable speed difference for the then pre^il- 
ing sensed operational conditions, the decision point 276 is exited at YES and the routine 240 returns to a process step 
278 which sets a torque ramp up flag. From botfi the process steps 244 and 278. tiie routine 240 moves to a process 

20 step 280 which performs control of tiie hub 16 or analogous structures such as axle disconnect. 

The following Table II is a six part look up table utilized by the on demand system 10. Section 1 of Table II presents 
actual values of wheel speed difference thresholds below which tiie system 10 does not take action to conect for wheel 
slip and above which the system begins to conect for wheel slip. The tiireshold of activation depends upon tiie vehicle 
speed in certain modes, whether tiie brake is applied, whettier the encoder assembly 106 and associated components 

25 of the transfer case 28 are in high or low gear and wheUier and by how much tiie front tire and wheel assemblies 22 
and the front drive shaft 24 is oven^unning tiie rear tire and wheel assemblies 34 and the rear drive shaft 38 arxJ vice 
versa. 

Part A of Section 1 of Table 11 presents threshold front and rear overrun values for incremental engagement of ttie 
electromagnetic dutch assembly 124 in the high (direct drive) range of the planetary gear assembly 48 with the vehicle 

30 brakes off. Part B of Section 1 of Table II is not vehicle speed dependent and presents threshold values for incremental 
engagement of the electromagnetic clutch assembly 124 in high range with tiie vehicle brakes applied. Part C and Part 
D of Section 1 of Table II present tiie threshold values of clutch engagement of front and rear speed overrun when tiie 
planetary gear assembly 48 is in low range, witii the vehicle brakes off and applied, respectively. As noted previously, 
the on demand system 10 described herein functions with vehicles utilizing their rear wheels as the primary drive 

35 wheels and their front wheels as secondary drive wheels or vice versa. 

Section 2 of Table 11 presents throttie angle compensation data which affects the minimum (standby) cun-ent to tiie 
coil 144 of tiie electromagnetic clutch assembly 124 when the throftle angle compensation feature is enabled at tiie 
process step 256 of the routine 240. Section 3 of Table II presents steering angle compensation values which are added 
to those values appearing in tiie Front Overrun column of Section 1 if the steering angle compensation feature is ena- 

40 bled at the process step 264 of the routine 240. The values presented may be interpolated between steering angle posi- 
tions of zero and 15** and 15" and 30". For example, tiie con-ection at zero Kilometers/Hr. vehicle speed and 7.5* 
steering angle may be interpolated as 1 .0 Kilometers/Hr. additional allowed front overrun. Alternatively, the compensa- 
tion values presented may be used at ttie steering angles recited and at greater steering angles less tiian the next 
higher recited steering angle. 

45 Because vehicle speeds, wheel speed and wheel slip commonly relate to actual performance of a vehicle, they are 
presented in Table II in units of Kilometers/Hr On tiie otiier hand, tiie Hall effect sensors 1 70 and 1 76 and others sense 
rotational speeds of tiie associated shafts 40 and 26. respectively, and tiie drive shafts 38 and 24, respectively coupled 
thereto in pulses per unit time which are conventionally converted into revolutions per unit time, typically per second or 
per minute. These two measurement schemes are, of course, related by the intervening gear ratios of, for example, tiie 

50 rear differential 36. the front differential 14 and such factors as the diameter of the tire and wheel assemblies 22 arid 
34. ft will be appreciated ttiat any shaft speed or wheel speed (and thus vehicle speed) may be readily converted to tiie 
other by knowledge and use of the appropriate numerical factor in the microcontroller 200. Such numerical factors will 
vary from application to application. 

55 
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TABLE II 






SECTION 1 






A-HIGH RANGE-BRAKES OFF 


venicie Soeea 


Front Overrun 


Rear Overrun 


Kilomeuers/nr . 


Kilometers/Hr. 


Kilometers/Hr 


u 


4 , 5 


0.5 


A 
*» 


4.5 


0.5 


a 
O 


4.5 


0.5 




4.5 


0.5 


lo 


4 . 5 


0.5 


2 0 


4 . 5 


0.5 




4.5 


0.5 


28 


4 . 5 


0.5 


32 


4.5 


1.0 


J o 


4.5 


1.0 


40 


4 . 5 


1.0 


44 


4 . 5 


1.5 


43 


4 . 5 


1.5 


52 


4.5 


1.5 


56 


4,5 


2.0 




4,5 


2 . 0 


64 and above 


4.5 


3.5 


PART 


B-HIGH RANGE-BRAKES ON 


Vehicle Soeed 


Front Overrun 


Rear Overrun 


Kilometers/Hr. 


Kilometers/Hr. 


Kilometers/Hr 


ALL SPEEDS 


10,0 


10.0 



15 



EP0 659 605B1 



PART C-LOW RANGE-BRAKES OFF 

Vehicle Speed Front Overrun Rear Overrun 

Kilometers/Hr . Kilometers/Hr . Kilometers/Hr • 

ALL SPEEDS 4.0 - .5 

PART D-LOW RANGE-BRAKES ON 

Vehicle Speed Front Overrun Rear Overrun 

Kilometers/Hr. Kilometers/Hr, Kilometers/Hr. 

ALL SPEEDS 6.0 6.0 

SECTION 2 
THROTTLE ANGLE COMPENSATION 

Throttle Position Min. Current to Clutch 12 4 

Idle to <25% 8% 

25% to <50% 16% 

50% to <75% 30% 

75% and above 60% 
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SECTION 3 



STEERING ANGLE COMPENSATION 



Vehicle Soeed 




Steerina Anale 


XV X X w iiic ^cs^a / • 




±15*» 


±30« 


0 


n 


2 . 0. 


4 , 0 


4 


0 


2.0 


4.0 


8 


0 


2.0 


4.0 


12 


0 


2.0 


4.0 


16 


0 


2,0 


4.0 


20 


0 


2.0 


4.0 


24 


0 


2.0 


4.0 


28 


0 


2.0 


4.0 


32 


0 


1.5 


3.5 


36 


0 


1.5 


3.5 


40 


0 


1.5 


3.5 


44 


0 


1.5 


3.5 


48 


0 


1.0 


3.0 


52 


0 


1.0 


3.0 


56 


0 


1.0 


3.0 


60 


0 


0.0 


2.5 


64 and above 


0 


0.0 


2.5 



30 

Reference to Table II clarifies that speed differences which activate the electromagnetic dutch assemtsly 124 relate 
only to the speed of one drive shaft which is rotating more rapidly than, that is, ovenunning. the other drive shaft. 
Accordingly, Table II, above, applies to both front and rear primary drive vehides. 

35 Referring now to Figure 13, a hub control subroutine 282 commences at a decision point 284 which again checks 
to see if the one second startup delay has been completed. If it has, the decision point 284 is exited at YES and the 
subroutine 282 moves to a decision poirtt 286 which checks to determine if the operator selectable switch 188 is still in 
an on demand position. If it is not, the decision point 286 is exited at NO and the subroutine 282 moves to a process 
step 288 which de-energizes the locking hutss 1 6 or other analogous structure such as an axle disconnect The process 

40 step 288 is also reached if it is determined at the dedsion point 284 that the startup delay has not been completed. The 
subroutine 282 then exits the process step 288 and returns to the routine 240 illustrated in Figure 12a. at the process 
step 280. 

Continuing with the hub control subroutine 282. if the interrogation of the operator selectable switch 1 88 in the ded- 
sion pdnt 286 determines that it is still in an on demand position, the decision point 286 is exited at YES and the sub- 

45 routine 282 moves to a dedsion point 290 which interrogates the front (secondary) wheel speed sensor 180 to 
determine whether the speed of rotation of the associated front tire and wheel assembly 22 is greater than a set pdnt 
speed. Typically, the set point speed will be about 2 kilometers per hour. If the front (secondary) wheel speed is less this 
the set point, indicating that the vehide may be either stationary and thus stuck or moving at a very low speed relative 
to the speed of the rear (primary) drive shaft 38 and the associated rear tire and wheel assemblies 34, the subroutine 

50 282 exits the decision point 290 at NO and enters a process step 292 which first activates the locking hubs 16 or anal- 
ogous axle disconnect means and, after a short delay, activates the electromagnetic clutch assembly 124. Such staged 
or sequential activation of first the locking hubs 16 and then the electromagnetic dutch assembly 124 minimizes 
engagement shock on the locking hubs 16. If the front wheel speed sensor 180 indicates that the speed of the associ- 
ated front tire and wheel assembly 22 is above the set point, the decision point 290 is exited at YES and the subroutine 

55 282 enters a process step 294 which first activates the electromagnetic clutch assembly 1 24 and pauses for one sec- 
ond to allow stafcjilization of the dutch assembly 124 and associated components of the power train. Then, the subrou- 
tine 282 moves to a process step 296 which activates the locking hubs 16 or analogous means such as an axle 
disconnect. After tuming on the locking hubs 16, the subroutine 282 returns to the routine 240, illustrated in Figure 12a. 
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at the process step 280. 

The dutch routine 240 then enters a process step 300 which is capable of increasing the duty cyde of the PWM 
signal and thus the average electrical current provided to the electromagnetic clutch assembly 124 and the coupling 
provided between the rear (primary) output shaft 40 and the front (secondary) output shaft 22. 

5 The process step 300 comprehends a subroutine 302 relating to ramping up of the electromagnetic dutch assem- 
bly 124. The ramp up subroutine 302 appears in Rgure 14 and begins at a decision point 304 where the subroutine 
determines whether a dutch ramp up flag has been previously set in the dutch routine 240. If it has not been set. the 
decision point 304 is exited at NO and the subroutine 302 returns to the dutch routine 240 at the process step 300 illus- 
trated in Figure 12a. If a dutch ramp up flag has been set. the subroutine 302 exits the decision point 304 at YES and 

10 enters a dedsion point 306 which determines whether a ramp increment counter is at a maximum value and thus that 
the output power to the electromagnetic clutch 124 is also at a maximum. 

Typically, the PWM signal to the electromagnetic dutch assembly 124 wilt be inaemented in eight, ten or twelve 
steps and the current step will be recorded in a ramp counter. The use of ten (10) steps or increments is presently pre- 
ferred. Since the nominal range of current to the coil 1 44 of the electromagnetic clutch assembly 1 24 is from 8% to 88%, 

75 i.e., a difference of 80%, each of the ten 10% increments or steps represent an increase or decrease in dutch cun-ent 
of 8%. if the ramp counter is at its maximum value, the dedsion point 306 is exited at YES and the subroutine 302 
returns to the process step 300 of the clutch routine 240. If the ramp counter is not at a maximum value the subroutine 
branches at NO and enters a process step 308 which increments an additional ten percent duty cyde to the value cur- 
rently in the PWM output register and then enters a process step 309 which increments the ramp counter by one count. 

20 The subroutine 302 then moves to a process step 310 which outputs the new duty cyde (current level) in the register 
which establishes the PWM signal to a drive circuit which provides electrical energy to the coil 148 of the electromag- 
netic clutch assen^ly 124. The subroutine 302 then returns to the clutch routine 240 at process step 300 and the rou- 
tine 240 enters a process step 312 to perform the converse operation. 

The ramping down of the electromagnetic dutch assembly 124 is achieved by a ramp down subroutine 320 which 

25 appears in Rgure 1 5. The ramp down subroutine 320 begins at a dedsion point 324 in which the subroutine 320 deter- 
mines whether a clutch ramp down flag has been previously set in the clutch control routine 240. If it has not been set. 
the dedsion point 324 is exited at NO and the subroutine 320 retums to the clutch control routine 240 at the process 
step 312 illustrated in Rgure 12a. If a clutch ramp down flag has been set, the subroutine 320 exits the decision point 
324 at YES and enters a decision point 326 which determines whether the output to the electromagnetic dutch assem- 

30 biy 124 is at minimum as determined by the ramp increment counter. If the counter is at zero, the decision point 326 is 
exited at YES and the subroutine 320 enters a process step 327 which instructs the drive drcuits to provide the mini- 
mum (8%) duty cycle cun-ent to the electromagnetic dutch assembly 124 to maintain alt assodated driveline compo- 
nents in a ready or standby condition. If the ramp counter is not at zero, the subroutine branches at NO and enters a 
process step 328 which decrements ten percent from the duty cycle value currently in the output current register. The 

35 subroutine 320 then moves to a process step 329 which decrements the ramp counter by one count then to a process 
step 320 which outputs the new current level in the register which establishes the PWM signal to a drive circuit which 
provides electrical energy to the coil 148 of the electromagnetic dutch assembly 124. The subroutine 320 then retums 
to the clutch routine 240 at the process step 312. 

Upon return to the process step 312, the dutch control routine 240 has been completed as well and the routine 240 

40 returns to the process step 216 of the routine 210 of L00P2 illustrated in Rgure 10, 

A typical operating cycle of the electromagnetic clutch assembly 124 is illustrated in Rgure 8. As noted, when the 
on demand system 10 is activated, the PWM signal initializes and holds at a minimum current of eight percent i.e. , eight 
percent duty cycle of the PWM signal. The solid stairstep lines of Rgure 8 illustrate a condition of substantially instan- 
taneous drive shaft speed difference and thus wheel slip in excess of the values of Table It. Accordingly, the PWM signal 

45 to the coll 148 of the electromagnetic dutch assembly 124 is increased in ten percent steps every 30 milliseconds up 
to the maximum dutch cun-ent of approximately eighty-eight percent. When the drive shaft speed difference falls below 
the appropriate value appearing in Table II, the PWM current to the coil 148 is decremented in ten percent steps and 
returns to the minimum (standby) eight percent current level. The solid, irregular line of Rgure 8 illustrates a more com- 
mon condition in which incrementing and decrementing the clutch current and providing corresponding torque transfer 

so through the electronnagnetic clutch assembly 124. upon sensing drive shaft speed differences and thus wheel slip 
according to Table II, temporarily eliminates such slip. When a speed difference indicating wheel slip is again sensed, 
current to the electromagnetic clutch assembly 124 is again incremented. This plot represents typical operation of the 
system 10 as it monitors and rapidly responds to changing conditions. 

Refen-ing now to Rgure 16. a fourth program appearing in L0OP2 is a routine 340 relating to the operator shift 

55 commands. The operator shift command routine 340 begins at a decision point 342 which inten-ogates the drive to the 
shift control motor 100. If such drive is active, the routine branches at YES and returns to the system. If the shift control 
motor 100 is not operating, the routine branches at NO and moves to a dedsion point 344 which determines whether 
the neutral position on the operator selectable switch 188 has been selected. If it has. the routine branches at YES and 
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enters a dedsion point 346. The dedsion point 346 determines if the old position of the selector switd) 188 was high 
gear. If it was. the routine 340 branches at YES and moves to a process step 348 which commands a shift from high 
gear to neutral arxi then returns to the system. If the answer at the decision point 346 is in the negative, the routine 340 
branches at NO and enters a decision point 350 which determines whether the oki position of the selector switch 188 
5 was neutral. If it was. the routine 340 branches at YES and returns to the system. If it was not the routine branches at 
NO and moves to a process ^ep 352 which commands a shift from low gear to neutral. The routine 340 then returns to 
the system. 

Returning to the dedsion point 344, if the neutral position of the switch 188 is not active, the routine 340 branches 
at NO and reaches a decision point 358 which determines whether the switdi 188 is in high gear position. If the four- 
70 wheel drive high position of the selector switch 188 Is not active, the routine 340 branches at NO and moves to a ded- 
sion point 360. if it is, the routine branches at YES and moves to a decision point 362. The dedsion point 360 deter- 
mines whether the switch 188 is in the low gear position. If it is, the routine 340 branches at YES and moves to a 
decision point 364. 

Continuing with the routine 340 at the dedsion point 362, a checking step determines if the previously commanded. 

75 i.e., old. position of the switch 188 and shift control motor 100 is the current position, tf it is, the routine branches at YES 
and moves to a decision point 366 which determines if the old position was high gear. If it was. tiie routine 340 branches 
at YES, takes no further action and returns to the system. If tiie old position was not high gear, tiie routine branches at 
NO and moves to a decision point 368 which determines whether the okj position of the switch 1 88 and the shift control 
motor 100 was neutral. If it was. tiie routine 340 branches at YES and enters a process step 370 which commands a 

^ shift of the shift control motor 1 00 and associated components from neutral to high gear and then returns to the system. 
Alternatively, if it is determined that tiie old position of tiie switch 188 and shift control motor 100 was not neutral, tiie 
routine branches at NO and moves to a process step 372 which commands a shift of tiie shift control motor 100 and 
associated components from low gear to high gear and then returns to the system. 

Continuing with tiie shift command routine 340 at tiie decision point 364, if the old position of the selector switch 

25 188 and the shift motor 100 was high gear, the routine branches at YES and moves to a process step 374 which com- 
mands a shift from high gear to low gear and then returns to the system. If tiie oki position was not high gear, the ded- 
sion point 364 txanches at NO and enters a dedsion point 376 which determines whettier the old position of the 
selector switch 188 and shift corrtrol motor 100 was neutral. If it was, the routine branches at YES and moves to a proc- 
ess step 378 which commands a shift of the shift control nx^tor 100 and associated components from neutral to low gear 

30 and tiien returns to tiie system. If the okJ position was neutral, tiie dedsion point 376 is exited at NO and the routine 
340 returns to the system. 

Referring now to Figure 1 7, tiie routines and subroutines of LOOP1 will now be described. LOOP1 contains those 
routines and subroutines which require tiie fastest execution rate and must be updated most f requentiy in order to pro- 
vide suitable operation of the on demand system 10. L00P1 includes a shift motor confrol routine 400 which accepts 

35 driver input commands and monitors all conditions relating to the position of the shift conti^ol motor 100. The control 
motor routine 400 begins at an initialization step 402 which clears any display flashing flags. These flags may result 
from operator shift command requests that were blocked because the present speed of tiie vehicle was being too great, 
the transmission neutral switch 46 indicated that the transmission 44 was not in neutral or that the brake switch 1 90 indi- 
cated that the brakes were not applied. With such flags cleared, the routine 400 proceeds to a decision point 404 whk;h 

40 determines if the ignition cyde abort Is active. This abort indication will be active if tiie shift control motor 100 has 
attempted to reach a newly requested position. The value chosen in the present system 10 is six. Greater or lesser 
abort cycle threshokis may be utilized, if desired, tf the shift control motor 100 has attempted a new shift command in 
excess of six times, the abort cycle will be active and the vehicle ignition system must be turned off before this counter 
will be reset to zero. 

45 If the ignition abort cycle is active, tiie decision point 404 is exited at YES and tiie routine returns to tiie system, tf 
the ignition cycle abort is inactive, the routine 400 branches at NO and enters a decision point 406 which enquires 
whether the shift control motor 100 is presentiy on or activated. If it is. ttie dedsion point 406 is exited at YES and ttie 
routine moves to a process step 422. If the control motor 100 is not on, the decision point 406 is exited NO and the rou- 
tine enters a decision point 408 which determines if there is a present request that tiie shift control motor 100 be turned 

50 on. If there is no such request, ttie decision point 408 is exited at NO and the shift control motor routine 400 is exited 
and returns to the system. If tiiere is a shift motor 100 turn on request the dedsion point 408 is exited at YES and tiie 
routine enters a decision point 412 which determines whether tiie shift then being executed Is to or from four-wheel 
drive low or neutral. If it is not. the dedsion point 412 is exited at NO and tiie routine 400 enters the process step 422. 
If it is. tiie decision point 412 is exited at YES and the routine moves to a decision point 414. 

55 Decision point 414 interrogates the transmission neutral switch 46 to determine whether the transmission 44 is in 
neutral. If it is not, the decision point 414 is exited at NO and tiie routine enters a process step 416. If the transmission 
44 is in neutral, tiie decision point 414 is exited at YES and the routine 400 moves to a decisk^n point 418 which com- 
pares ttie current vehide speed with the predetermined maximum speed to determine if it Is in excess of the predeter- 
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mined maximum. If it is. the routine exits at YES and enters the process step 416. It the vehicle speed is below the 
maximum predetennined value, the decision point 418 is exited at NO and the routine 400 enters a decision point 420 
which interrogates the brake switch 1 90. If the brake switch 190 is off indicating that the brakes are not applied, the deci- 
sion point 420 is exited at NO and the routine moves to the process st^ 416. The process step 416 provides signal to 

5 one of the dasht^oard indicator lights 202 that a shift is not possible because either the vehicle transmission 46 is not in 
neutral, the vehicle speed presently exceeds the predetermined maximum value or the vehicle brakes are not applied. 

Returning to the decision point 420, if the vehicle brakes are on. the decision point 420 is exited at YES and the 
routine enters the process step 422. The process step 422 provides a signal which drives the field effect transistors 
(FETs) which provide current to the shift control motor 100. The routine 400 then moves from the process step 422 to 

10 a process step 424 which continues to drive the shift control motor 100 in accordance with a motor control subroutine 
430. 

The motor control subroutine 430 is illustrated in Rgure 18. The subroutine 430 is initialized by a step 432 which 
clears a thirty second shift cancellation flag and nxwes to a decision point 434 which enquires whether the shift control 
motor 100 is being braked. If it is, the subroutine branches at YES and enters a process step 440 which incorporates a 

IS shift motor braking subroutine which appears in Figure 19. If the shift motor 100 is not undergoing braking, the decision 
point 434 is exited at NO and the subroutine enters a process step 436 which reads the current position of the shift con- 
trol motor 100 indicated by the encoder assembly 106. The subroutine 430 then moves to a decision point 438 which 
compares the cunent position of the encoder assembly 106 and associated components to the desired position. If they 
are the same, the decision point 438 is exited at YES and the program moves to the process step 440 which brakes the 

20 shift control motor 100. 

If the position of the encoder assembly 106 does not coincide with the desired position thereof, the decision point 
438 is exited at NO and the subroutine enters a diagnostic decision point 442 which reads a timer to determine the 
length of time the shift control motor 100 has been activated. If the shift control motor 1 00 has been activated and run- 
ning for a period in excess of a predetermined time period, the decision point 442 is exited at YES and the subroutine 
25 430 enters the process step 440 which brakes the shift control motor 100. If the time the shift control motor 100 has 
been operating is less than the predetermined time, the decision point 442 is exited at NO and the subroutine moves to 
a second diagnostic decision point 444 which determines whether the shift control motor 100 has been drawing stall 
current for a period in excess of a predetermined time period. If it has. the decision point 444 is exited at YES and the 
process step 440 is entered. 

30 If the shift control motor 100 has not been drawing stall current for a period of time which exceeds a predetermined 
time period, the decision point 444 is exited at NO and the program enters a decision point 446 which enquires whether 
the desired position of the encoder assembly 106 and the associated components is high gear. If this is the desired 
position, the decision point 446 is exited at YES and the subroutine 430 enters a decision point 448. If the desired posi- 
tion is not high gear, the decision point is exited at NO and the subroutine 430 moves to a decision point 452. 

35 The decision point 448 enquires whether the current direction of the shift control motor 1 00 is clockwise. If it is not. 
the decision point 448 is exited at NO and the subroutine 400 moves to a process step 449 which established that the 
desired rotation of the shift control motor 100 is clockwise and then pnxeeds Id the process step 440 which brakes the 
shift control motor 100. If the current direction of the shift control motor 100 is clockwise, the subroutine exits the deci- 
sion point 448 at YES and moves to a process step 450 which commands continued clockwise movement of the shift 

40 control motor 1 00. Exiting the process step 450. the subroutine 430 returns to the process step 424 of the routine 400 
illustrated in Figure 17. 

Returning now to the decision point 452, this determines if the desired position of the encoder assembly 106 and 
associated components is low gear. If this is the desired position, the subroutine 430 exits the decision point 452 at YES 
and enters a decision point 454. If the desired position is not low gear, the decisk}n poirrt 452 is exited at NO and the 

45 subroutine 430 moves to a decision point 458. 

If the subroutine 430 enters the decision point 454, an interrogation of the present direction of rotation of the shift 
control motor 1 00 is performed to determine if it is operating in the counterclockwise direction. If it is not, the decision 
point 454 is exited at NO and the subroutine 430 enters a process step 455 which indicates that the desired rotation of 
the shift control motor 100 is counterclockwise and then proceeds to the process step 440 which brakes the shift control 

50 motor 100. If the shift control motor 100 is operating in the counterclockwise direction, the decision point 454 is exited 
at YES and the subroutine moves to the process step 456 which commands the shift control motor 100 to continue to 
rotate in a counterclockwise direction. Exiting the process step 456, the subroutine 430 returns to ttie process step 424 
of the routine 400 illustrated in Figure 1 7. The decision point 458 enquires whether the cunent desired direction of the 
shift control motor 100 is counterclockwise. If it is, tiie decision point 458 is exited at YES and the subroutine retums to 

55 the decision point 448. If ttie desired direction of tiie shift control motor 1 00 is not counterclodwise, the decision point 
458 is exited at NO and the subroutine returns to the decision point 454. 

Referring now to Rgure 19, from the process step 440 of the motor control subroutine 430, a shift motor braking 
subroutine 490 is commenced at a decision point 492 which determines if the shift control motor 100 is braking. If it is 
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not, the subroutine 490 branches at NO and enters a series of five process steps the f irst of wNch. process step 494. 
dears the nnotor on time counter which has been totalling the on time of the shift control motor 100 during its current 
duty cyde. The subroutine 490 then moves to a process step 496 which dears a timer which, if the motor has been 
stalled, has accumulated the total stall time. Next a process step 498 is undertai<en which indicates that the shift motor 

5 100 has been commanded to turn off. The process step 500 generates a command which terminates electrical energy 
to the shift control motor 1 00. The subroutine 490 then enters a process step 502 which times out a one hundred micro- 
second delay. The series of process steps 494. 496. 498. 500 and 502 is complete when the one hundred microsecond 
delay has elapsed and the subroutine returns to a process step 504. The process step 504 which generates a com- 
mand to brake the shift control motor 100 is also entered by a YES response to the enquiry of the decision point 492 

JO regarding braking of the shift control motor 1 00. The process step 504 generates a command to brake the shift control 
motor 100. 

Rom the process step 504, the shift motor braking subroutine 490 moves to a process step 506 which sets a shift 
control motor 1 00 braking flag. The subroutine 490 then enters a decision pdnt 508 whk:h enquires whether the braking 
time of the shift control motor 100 has elapsed. If the time is has not elapsed, the subroutine branches at NO and 

IS returns to the process step 440 of the motor control subroutine 430. H the response is affirmative, the subroutine 
branches at YES and enters a process step 510 whidi turns off the shift control motor 100. The subroutine 490 then 
enters a process step 512 which provides an indication to associated routines and subroutines that the motor is not 
braking. Subsequently, the subroutine enters a process step 514 which clears or sets to zero the motor braking timer. 
Finally, the subroutine 490 enters a process step 516 which checks the position of the brake, branching to another sub- 

20 routine, the brake motor position subroutine 520 which is illustrated in Rgure 20. When the brake motor position sub- 
routine 520 has been conpleted, the shift motor braking subroutine 490 returns to the process step 440 of the motor 
control subroutine 430 which in turn returns to the shift motor control routine 400 at the process step 424. 

Referring now to Figure 20. the brake nrwtor position subroutine 520 begins with an initializing step 522 which reads 
the current position of the encoder assembly 106 from a motor position read subroutine 540 which is illustrated in Figure 

25 21 and will be discussed subsequently Supplied with cun-ent Information regarding the position of the encoder assem- 
bly 106 and thus of the position of the associated components, the subroutine 520 enters a decision point 524 which 
connpares the data from the motor position read routine 540 and the encoder assembly 106 with the position selected 
by the selector switch 188. If the positions are the same, the subroutine 520 branches at YES and enters a series of 
process steps commencing with a process step 526 which functions as an update operation and sets the dd position 

30 of the encoder assembly 106 in memory as the cun-ent position. The process step 528 is then entered which clears a 
position error counter that is, resets it to zera Finally, the subroutine 520 enters a process step 530 which provides an 
indication to other subroutines of the microcontroller 200 that the shift control motor 100 is de-energized. The subrou- 
tine 520 then returns to the process step 516 of the shift motor braking subroutine 490. 

Returning to the decision point 524, if the desired position and current position of the encoder assentbly 106 differ, 

35 the decision point 524 is exited at NO and the subroutine 520 enters a decision point 532 which interrogates a position 
enor counter to determine whether the errors in the position exceed a maximum preset number. In the present system 
10. this value has been set at six. If this value has been exceeded, the program branches at YES and enters process 
step 534 which sets the ignition cycle abort flag. As noted previously, this abort flag provides an indication on one of the 
dashboard indicator lights 202 and inhibits further activity of the on demand system 10 until the ignition switch has been 

40 reset, i.e., turned off and then turned on. If the number of position errors is fewer than the maximum, the decision point 
532 branches at NO and returns to the shift motor braking subroutine 490 at the process step 516. 

When the ignition cyde abort flag has been set in the process step 534, the subroutine 520 moves to a second 
process step 536 which sets a motor movement diagnostic failure flag. Then, the subroutine 520 moves to a final proc- 
ess step 538 which provides an indication to other subroutines as necessary, that the shift control motor 1 00 is not oper- 

45 ating. The brake motor position subroutine 520 then returns to the shift motor braking subroutine 490 at the process 
step 516. 

Referring now to Figure 2 1 , a final subroutine 540 which reads the position of the shift control motor 1 00 by reading 
information provided from the encoder assembly 106 will be described. The motor position read subroutine 540 begins 
at an initializing step 542 which updates the last current position provided by the encoder assembly 1 06 with the present 

50 value provided by the encoder assembly 1 06. The subroutine 540 moves to a process step 544 which interrogates the 
encoder assembly 106 and receives information therefrom regarding its current position. The subroutine 540 then 
enters a decision point 546 which compares the previous position of the encoder assembly 106 with the rnosX recently 
read position. If they are the same, the subroutine 540 branches at YES and enters a dedsion point 550. If the last posi- 
tion of the encoder assembly 1 06 and the cun-ently read position are not the same, the stiaroutine 540 branches at NO. 

55 enters a process step 548 which clears a previously set valid encoder position flag and then proceeds to the decision 
point 550. 

At the dedsion point 550, a determination is made whether the indicated positions of the shift control motor 100 
and encoder assembly 106 are valid. If they are, the program branches at YES and returns to the brake motor position 
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subroutine 520 at the initializing step 522. If the positions of the shift control motor 100 and encoder assemt^ 106 are 
not valid the subroutine 540 branches at NO and enters a decision point 552. The decision point 552 checks the cun^ent 
position of the encoder assembly 1 06 against the known and accepted values it provides which appear in Table I. If the 
position is not listed in Table I, the decision point 552 is exited at NO and the subroutine 540 enters a process step 554 

5 which sets an indication of an invalid position of the encoder assembly 106. The subroutine 540 then enters a decision 
point 556 which compares the number of invalid positions reached during this operating cycle with a maximum value 
stored in memay. If the maximum value has not been exceeded, the subroutine 540 branches at NO and returns to the 
brake motor position subroutine 520 at the initializing step 522. If the maximum number of invalid positions has been 
exceeded, the subroutine 540 branches at YES and enters a process step 558 which sets an abort motor movement 

10 flag. Finally, a process step 560 is undertaken which generates a commarxi to clear the invalid position counter, that is. 
to reset it to zera Subsequent to the process step 560, the motor position read subroutine 540 returns to the brake 
motor position subroutine 520 at the initializing step 522. 

Returning to the deosion point 552. if the position of the encoder assembly 106 is listed in Table 1. the decision point 
552 is exited at YES and enters a process step 564 which generates an indication that the position of the encoder 

15 assembly 106 and tiie shift control motor 100 is valid. The subroutine 540 then goes to a second process step 566 
which clears, that is, resets to zero the invalid encoder assembly 106 position counter. Next, the subroutine 540 enters 
a decision point 568 which determines if the encoder assembly 1 06 indicates that the current position of the shift control 
motor 100 is less than or in the neutral position. If the response is affirmative, the subroutine 540 branches at YES and 
enters a process step 570 which sets the direction of the shift control motor 1 00 to clockwise. If the answer is negative, 

20 the subroutine 540 branches at NO and enters a process step 572 which commands the direction of the shift control 
motor 1 00 to be counterclockwise. In either case, the motor position subroutine 540 is complete and the subroutine 540 
returns to tine brake motor position subroutine 520 at the initializing step 522. 

The foregoing disclosure is the best mode devised by the inventors for practidng this Invention. It is apparent, how- 
ever, that apparatus incorporating modifications and variations will be obvious to one skilled in the art of four-wheel 

25 drive systems. Inasmuch as the foregoing disclosure is intended to enable one skilled in the pertinent art to practice tiie 
instant invention, it should not be construed to be limited tiiereby but should be construed to include such aforemen- 
tioned obvious variations and be limited only by the scope of tiie follcwing claims. 

Claims 

30 

1 . An adaptive four-wheel vehicle drive system (10; 10') comprising, in combination: 

a primary drive line (32, 36, 38; 12', 14', 24") having primary drive wheels (34; 22*); 

a secondary drive line (12, 14, 24; 32', 36', 38*) having secondary drive wheels (22; 34'); 
35 a transfer means (28) having an input (50) adapted to be driven by a prime mover (42). a primary output (40) 

adapted to drive said primary drive line (32. 36. 38; 1 2'. 1 4'. 24'), a secondary output (26) adapted to drive said 

secondary drive line (12, 14. 24; 32*. 36', 38*), and a modulating clutch means (124) including a primary clutch 

(1 25) and a secondary, disc pack clutch (1 50) which selectively ti-ansfer torque from said primary drive line (32. 

36. 38; 12', 14'. 24*) to saW secondary drive line (12. 14. 24; 32', 36', 38*); 
40 characterized in tiiat said primary dutch (125) is a cone clutch which is disposed In mechanical parallel witii 

the secondary dutch (150), and that the drive system further comprises primary sensing means (170; 170') 

which sense the rotational speed of said primary drive line (32, 36, 38; 12', 14', 24'). 

secondary sensing means (176; 176*) which sense the rotational speed of said secondary drive line (12, 14, 

24; 32'. 36', 37). 

45 and microcontroller means (200) which compares the speed of said primary drive line (32. 36, 38; 1 2*. 1 4*, 24*} 

witii tiie speed of said secondary drive line (1 2. 1 4, 24; 32', 36', 38) and incrementally engages said modulating 
clutch means (124) when the difference between said speeds is greater than a predetermined valua 

2. An adaptive four-wheel vehicle drive system (10; 10*) as claimed in claim 1 , wherein said microcontroller (200) also 
50 incrementally disengages said modulating clutch means (124; 124*) when said difference is less than sakj prede- 
termined value. 

3. An adaptive four-wheel vehide drive system (10; 10") as claimed in claim 1 or claim 2, wherein said primary, cone 
dutch (125) includes a coil (1 44). a coil housing (135) having a first dutch face (136) and an armature (138) having 

55 a second, opposed clutch face (1 37). 

4. An adaptive four-wheel vehicle drive system (10; 10") as claimed in claim 3. wherein said clutch faces (136. 137) 
are oriented at an angle of between 5** and 15'' to their axis of rotation. 
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5. An adaptive fewr-wheei vehicle drive system (1 0; 1 0*) as claimed in any of the preceding claims, further inducfing a 
sensor (184) which indicates the position of a throttle, said microcontrdler means (200) including means respon- 
sive to said throttle position sensor (184) which increments said modulating dutch means (124). 

5 6. An adaptive four-wheel vehicle drive system (1 0; 10*) as daimed in any of the preceding claims, further induding 
means (180; 180*) which sense the speed of the secondary wheel and tire assembly (22; 34*) and means (282) 
which sequentially engage a secondary drive line axle engaging means (16) and said modularing dutch means 
(124; 124*). 

10 7. An adaptive four-wheel vehide drive system as daimed in any of the preceding daims, wherein said primary, cone 
clutch (125) includes a helical lubrication groove (139) on one face (136) and radial lubrication grooves (140) on 
the other face (137). 

Patentanspruche 

IS 

1 . Adaptives Vien^adantriebssystem (1 0; 1 0") fOr Fahrzeuge mit 

einem primSren Antriebszug (32. 36, 38; ^2\ 14\ 24*) mit primaren Antriebsradern (34; 22*); 

20 einem sekundaren Antriebszug (12, 14. 24; 32'. 36*. 380 m«t sekundflren Antriebsr&lern (22; 34'); 

einer Ubertragungseinrichtung (28) mit einem Eingang (50), der von einer Antriebsmaschine (42) angetrieben 
werden kann, einem primaren Ausgang (40), der den primaren Antriebszug (32. 36, 38; 12', 14', 24*) antreiben 
kann. einem sekundaren Ausgang (26). der den sekundaren Antriebszug (12. 14. 24; 32'. 36\ 38*) antreiben 
25 kann. und einer modulierenden Kupplungseinrichtung (124) elnschlie6lich einer Primarkupplung (12) und 

einer sekundaren Scheibenpackungskupplung (150). die wahlweise Drehmoment vom primaren Antriebszug 
(32, 36. 38; 12'. 14', 24") zum sekundaren Antriebszug (12, 14. 24; 32', 36'. 38*) ubertragen; 

dadurch gekennzeichnet. daR die Primarkupplung (125) eine Kegelkupplung ist die mechanisch parallel zur 
30 Sekundarkupplung (150) angeordnet ist, und da3 das Antriebssystem des weiteren primare Abtasteinrichtun- 

gen (170; 170*), die die Drehzahl des primaren Antriebszuges (32, 36, 38; 12'. 14*. 24") abtasten, 

sekundare Abtasteinrichtungen (176; 1760. die die Drehzahl des sekundaren Antriebszuges (12. 14, 24; 32*. 

36', 37) abtasten, 

35 

und eine Microcontrollereinrichtung (200) umfasst. die die Drehzahl des primaren Antriebszuges (32. 36. 38; 
12*. 1 4*. 24*) mit der Drehzahl des sekundaren Antriebszuges (12, 1 4, 24; 32', 36', 38') vergleicht und die modu- 
lierende Kupplungseinrichtung (124) inkrementell einrOdd, wenn die Differenz zwischen den Drehzahlen grO- 
Ber ist als ein vorgegebener Wert. 

40 

2. Adaptives Vienadantriebssystem (10; 10*) fur Fahrzeuge nach Anspruch 1, bei dem der Microcontroller (200) die 
modulierende Kupplungseinrichtung (124; 124*) auch inkrementell ausrOckt. wenn die Differenz geringer ist als der 
vorgegebene Wert. 

45 3. Adaptives Vierradantriebssystem (1 0; 1 0*) fur Fahrzeuge nach Anspruch 1 Oder 2, bei dem die primare Kegelkupp- 
lung (125) eine Spule (144). ein Spulengehause (135) mit einer ersten Kupplungsfiache (136) und einen Anker 
(138) mit einer zweiten gegenOberiiegenden Kupplungsfiache (137) umfasst 

4. Adaptives Vienadantriebssystem (10, 10*) fur Fahrzeuge nach Anspruch 3. bei dem die Kupplungsfiachen (136. 
so 137) unter einem Winkel zwischen 5" und 15° in bezug auf ihre Drehachse aientiert sind. 

5. Adaptives Vierradantriebssystem (1 0; 1 0*) fur Fahrzeuge nach einem der vorangehenden AnsprOche. das des wei- 
teren einen Sensor (184) umfasst. der die Position einer DrosselWappe anzeigt. wobei die Microcontrollereinrich- 
tung (200) eine auf den DrosselWappenpositonssensor (184) ansprechende Einrichtung unrtfasst die die 

55 modulierende Kupplungseinrichtung (124) inkrementiert. 

6. Adaptives Vierradantriebssystem (10; 10*) fOr Fahrzeuge nach einem der vorangehenden AnsprOche. das des wei- 
teren Einrichtungen (180; 180*) aufweisl. die die Drehzahl der sekundaren Rad- und Reifeneinheit (22; 34*) abta- 
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sten. und Einrichtungen (282), die sequerrtiell eine Achseingriffseinrichtung (16) eines sekunddr&i Antriebszuges 
und die modulierende Kupplungseinrichtung (124; 124*) einrOcken. 

7. Adaptives Vierradantriebssystem fur Fahrzeuge nach einem der vorangehenden Anspruche. bei dem die prlmSre 
5 Kegelkupplung (125) eine spiratfOrmige Schmiernut (139) auf einer Rdche (136) und radiaie Schniiernuten (140) 
auf der anderen Rdche (137) unrifasst 

Revendications 

10 1. Syst^me (10 ; 10*) dentralnement adaptatif pour v^hicule ^ quatre roues comprenant. en combirtaison : 

une ligne (32. 36. 38 : 12*. 1 4'. 24*) d*entra?nement primaire ayant des roues (34 ; 22') d'entraTnement primaires 

une ligne (1 2. 14. 24 ; 32*. 36*. 38*) d'entraTnement secondaire ayant des roues (22 ; 34*) d'entraTnement secon- 

15 daires : 

un moyen (28) de transfer! ayant une entr6e (50) adapt6e k §tre entraTn6e par un actionneur (42) principal, une 
sortie (40) primaire adapt6e k entraTner ladite ligne (32. 36, 38 : 12*. 14'. 24*) d'entraTnement primaire. une sor- 
tie (26) secondaire adapt^e k entraTner ladite ligne (12. 14, 24 ; 32*. 36'. 38^ d'entraTnement secondaire. et un 
moyen (124) d embrayage de modulation comportant un enrtsrayage (12^ primaire et un embrayage (150) 

20 secondaire k empilement de disques, qui transf^rent s^ectivement un couple de ladite ligne (32, 36. 38 ; 12'. 

14', 24') d'entraTnement primaire k ladite ligne (12, 14. 24 ; 32'. 36', 38') d'entraTnement secondaire ; 
caract6ris6 en ce que ledit embrayage (125) primaire est un embrayage conique qui est dispose m6canique- 
ment parall^lement k I'embrayage (150) secondaire. et en ce que le syst6me d'entraTnement comprend en 
outre des moyens (1 70 ; 1 70') de d^ection primaires qui d^ectent !a vitesse de rotation de ladite ligne (32. 36. 

25 38 ; 12', 14'. 24*) d'entraTnement primaire. 

des seconds moyens (176 ; 176*) de detection secondaires qui d6tectent la vitesse de rotation de ladite ligne 
(12. 14, 24 ; 32', 36'. 37) secondaire. 

et un moyen (200) k microcontrdleur qui conpare la vitesse de ladite ligne (32, 36, 38 ; 12', 14', 24*) d'entraT- 
nement primaire k la vitesse de ladite ligne (1 2, 1 4. 24 ; 32'. 36*. 38) d'entraTnement secondaire et embraye de 
30 fagon incr^mentietle ledit moyen (1 24) ^ embrayage de modulation lorsque la difference entre lesdites vitesses 

est sup6rieure k une vaieur pr^6termin6e. 

2. Syst^me (1 0 : 1 0") d'entraTnement adaptatif pour v6hicule k quatre roues selon la revendication 1 , dans lequel ledit 
miaocontrdleur (200) d6braye 6galement de fagon incr6mentielle ledit moyen (124. 124*) k embrayage de modu- 

35 lation lorsque ladite difference est inf^rieure k ladite vaieur predetermin^e. 

3. Systeme (10:10*) d'entraTnement adaptatif pour v^hicule k quatre roues selon la revendication 1 ou la revendica- 
tion 2. dans lequel ledit embrayage (125) conique primaire comporte une bobine (144). un logement (135) de 
bobine ayant une premiere lace (136) d'embrayage et une armature (138) ayant une seconde face (137) 

40 d'embrayage oppos^e. 

4. Syst6me (10 ; IC) d'entraTnement adaptatif pour v6hicule k quatre roues selon la revendication 3. dans lequel les- 
dites faces (136. 137) d'err^rayage sont orient^es selon un angle compris entre 5"* et 15"" par rapport k leur axe de 
rotation. 

45 

5. Systeme (10 ; 10") d'entraTnement adaptatif pour v6hicule k quatre roues selon I'une quelconque des revendica- 
tions pr6c6dentes. comportant en outre un capteur (184) qui indique la position d'une commande des gaz. ledit 
moyen (200) k miaocontr6Ieur comportant un moyen sensible audit capteur (184) de position de commande des 
gaz qui incr^mente ledit moyen (124) k embrayage de modulation. 

50 

6. Systeme (10 ; 10*) d'entraTnement adaptatif pour v^hicule k quatre roues selon Tune quelconque des revendica- 
tions pr6cedentes. comportant en outre des moyens (180 : 180*) qui d6tectent la vitesse de I'ensemble (22 ; 34') k 
roues et pneumatiques secondaires et des moyens (282) qui mettent s^quentieliement en prise un moyen (16) 
d'embrayage d'essieu de ligne d'entraTnement secondaire et ledit moyen (124 ; 124*) d embrayage de nxxJulation. 

55 

7. Systeme (10 ; 10*) d'entraTnement adaptatif pour v6hicule k quatre roues selon Tune quelconque des revendica- 
tions pr^cedentes, dans lequel ledit embrayage (125) conique primaire comporte une gorge (139) de lubrification 
heiicoTdale sur une face (136) et des gorges (140) de lubrification radiales sur I'autre face (137). 
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